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Foreword

Although conventional radiography and barium studies still play an important role
in radiological imaging of the digestive tract in infants and children, the new cross-
sectional methods based on ultrasound, CT and, to a lesser extent, MRI have gained
considerable importance in this radiological field during recent years.

This volume provides a much needed update on our knowledge and insights on how
to provide optimal radiological care to infants and children with digestive malforma-
tions and acquired diseases of the digestive tract.

The editors, A. S. Devos and J. G. Blickman, are leading pediatric radiologists with
a special interest in pediatric digestive diseases. They have been assisted by a group
of internationally renowned experts. Together they have produced a well structured
work that, although concise in concept and contents, covers well our actual radiologi-
cal approach and management of diagnostic pediatric digestive problems.

I am confident that this outstanding volume will find great interest from both
general and specialised pediatric radiologists, as well as from radiologists in training,
neonatologists and pediatricians.

Leuven ALBERT L. BAERT




Preface

For the general radiologist, pediatric radiology is not the most frequent part of his or
her daily practice. In particular, the pediatric chest and abdomen, relatively common
occurrences in a general radiology practice, are often cause for unease of approach and
interpretation.

Such unease arises both from a practical point of view, in that it can be physically
difficult to image the infant or young child, and from the differential diagnostic point
of view, the differential diagnosis often being different at varying ages.

This book is intended to provide the reader with a comprehensive review of all that
pertains to the pediatric gastrointestinal (GI) tract and the accessory digestive organs.
It is built up in a logical sequence, starting with pathology affecting the oesophagus
and culminating with pathology most often encountered at or near the rectum.

While primarily intended for general radiologists, both in training and in daily
practice, it also addresses those interested in GI tract imaging, such as pediatricians
or general practitioners, as well as trainees therein, of the pediatric and young adult
age group.

The book is by no means intended to be exhaustive, but certainly tries to give an up-
to-date approach to daily clinical diagnostic issues.

Each author was asked to be exhaustive yet practical and, where possible, to try to
incorporate some aspects of “how I do it” in order to illustrate some of his or her per-
sonal approaches to each organ system.

In the course of writing this book, a number of things became obvious. The reader
should be aware that what the authors describe as state-of-the-art while writing their
chapters may already have become outdated, although in pediatric imaging in general
this is luckily not often the case.

Also, one must realize that the location of disease processes and approaches to diag-
nosis also vary, both between institutions but also whether one’s focus is the acute
patient or an analysis of the entire clinical question. Overlap between some parts of this
text are thus unavoidable. Examples include appendicitis and intussusception, but also
entities affecting multiple parts of the digestive tract.

To be asked by Prof. Albert Baert to take on this endeavour was a true honour. But
in the process he certainly showed me how to stay patient!

Also, and for me this is the real reason for being in academics, this endeavour was an
opportunity to encourage a promising ‘next-generation pediatric radiologist’ to take
the lead and ‘get one’s name in print’. Dr. Annick Devos did an outstanding job, even
while having a baby during the process.
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Preface

Both of us were lucky indeed to have our research associate, Dr. Yvonne
Hoogeveen, to keep us on course and spend much time and effort on getting the
text in optimal shape. Without her, it would have been difficult, if not impos-
sible, to ensure the completion of this endeavour.

To complicate matters further, we had a number of potential and agreed
authors either dropping out due to illness or because of changes in employ-
ment situations precluding them from contributing. Nevertheless, the result is
a truly international effort that we are proud of.

For this we wish to thank the co-workers of Springer-Verlag, as they were
truly exemplary in their cooperation. Ursula Davis, in particular, deserves our
thanks.

Dr. Devos and I are extremely thankful to all the authors: you all are the
book! They were selected for their prominence in their specialty, and the list of
these authors represents a broad combination of experience, teaching ability
and stature.

Finally, it was a pleasure to contribute to better imaging in children, some-
thing that pediatric radiologists of course have made their aim in life, but also
should be aimed for by all radiologists in general.

Nijmegen JoHAN G. BLICKMAN

It was a wonderful opportunity for me, and I agree wholeheartedly with the
above. Also, I want to thank Prof. Johan G. Blickman for giving me this oppor-
tunity and for the trust he had in me during our collaboration. Your enthusi-
asm is contagious and a source of motivation to persevere and at the same time

to remain patient!

Rotterdam ANNICK S. DEVOS
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1.1
Gastrointestinal Emergencies in the
Neonate

1.1.1
Neonatal Intestinal Obstruction

Intestinal obstruction is the most common abdomi-
nal emergency in the neonatal period. It is almost
always the result of a congenital anomaly of the
gastrointestinal tract, which must be rectified sur-
gically if the infant is to survive. Mortality in sur-
gically untreated patients is close to 100%, and the
rate of survival is closely related to the time of sur-
gical intervention (HajrvassiLiou 2003). The most
common clinical findings are abdominal distension,
vomiting, and sometimes failure to pass meconium,
depending on the level of the obstruction. These
findings usually prompt the clinician to consult the
radiologist, who must answer three major ques-
tions: Is the obstruction present? What is the loca-
tion of the obstruction? What is the aetiology? The
most valuable means of determining whether or not
obstruction is present is the plain abdominal radio-
graph. Plain radiographs are often diagnostic. When
not diagnostic, they may provide important clues
suggesting the subsequent most valuable diagnostic
procedure (SINGLETON et al. 1977).

Knowledge of the many variations in both the
distribution and quantity of intestinal air in infants
is useful in the interpretation of pathologic findings.
In a healthy neonate, air can usually be identified in
the stomach within minutes after birth, and reaches
the proximal portion of the small bowel during the
first 6 h of life. By 6-12 h the entire small bowel usu-
ally contains air, and after 12-24 h normal neonates
show rectosigmoid air in a plain abdominal radio-
graph.
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When an intestinal obstruction is present, since
air proceeds distally in the gastrointestinal tract
until stopped at the obstruction, an abdominal
radiograph will show dilated air-filled loops proxi-
mal to the obstruction and no air distal to it. The
number of dilated loops depends on the site of
obstruction: the lower the obstruction, the greater
the number of dilated loops. Having established that
an intestinal obstruction is present, the radiologist
should still determine the location of the obstruc-
tion and, if possible, the etiology. In order to arrive
at a useable differential diagnostic list of possible
etiologies, neonatal obstructions can be classified
as high or low obstruction. High or upper intesti-
nal obstructions are those that occur proximal to
the mid-ileum and include obstructions involving
the stomach, duodenum, jejunum, and proximal
ileum. Obstructions that involve the distal ileum
or colon are called low intestinal obstructions. The
distinction between high and low obstruction is
also critical since children with high obstructions
usually need little or no radiologic evaluation after
plain radiograph, and the specific diagnosis is made
in the operating room. Newborns with low obstruc-
tions need a contrast enema, which usually pro-
vides a specific diagnosis and may be therapeutic
(BuonoMo 1997). In general, plain radiographs in
neonates with high obstruction reveal one, two, or a
few dilated air-filled bowel loops, depending on the
level of the obstruction, while radiographs in low
obstructions show multiple dilated air-filled bowel
loops.

Disorders of the intestinal tract in the neonatal
period usually present with abdominal distension
and dilatation of the bowel. However, not all intes-
tinal dilatations represent obstruction. Infants
with medical disorders such as sepsis, electrolyte
imbalance or necrotizing enterocolitis may pres-
ent ileus characterized by uniform dilatation of the
bowel to the level of the rectum. Also, infants on
continuous positive airways pressure may swallow
an excessive amount of air and exhibit important
intestinal dilatation. This dilatation must be dis-
tinguished from mechanical obstruction, because
the treatment is completely different. The differ-
entiation between these two categories can usually
be made on the basis of clinical history, laboratory
tests, and appropriate radiographs (HERNANZ-
SCHULMAN 1999).

1.1.14
High Obstruction

1.1.1.1.1
Gastric Outlet Obstruction

Complete obstruction involving the gastric outlet is
arare condition usually due to antral or pyloric atre-
sia, although it may be caused by extrinsic pressure
from congenital peritoneal bands or by annular pan-
creatic tissue in the gastric wall. Antral or pyloric
atresia accounts for less than 1% of all congenital
intestinal obstructions. The condition is thought
to be due to localized vascular occlusion in fetal
life (OxoYE et al. 2000). It is usually produced by a
membranous diaphragm in which only the mucosa
is involved. An association with epidermolysis bul-
losa letalis has been described (Toma et al. 2002). It
is unknown whether the association is on the basis
of a causative effect on the antropyloric mucosa, or
whether it is due to a genetic linkage (DoLAN et al.
1993). The predominant symptom is vomiting within
the first hours after birth, the vomits being free of
bile. The absence of bile in the vomits indicates that
the obstruction is above the ampulla of Vater. A plain
radiograph of the abdomen shows distension of the
stomach proximal to the obstruction and absence
of air in the small bowel and colon, resulting in the
characteristic “single bubble” image (RATHAUS et
al. 1992) (Fig. 1.1). When a single bubble is observed,
examination with contrast material is unnecessary
and most patients are taken directly to surgery. The
membranous atresia may perforate after birth, leav-
ing variable degrees of stenosis. In these cases, plain
radiography will show distension of the stomach and
some air in the small bowel depending upon the
degree of obstruction (BELL et al. 1977).

Pyloric stenosis may lead to obstruction of the
lumen and usually presents beyond the neonatal
period. However, it has been diagnosed in utero and
can be seen in the neonatal period after adminis-
tration of prostaglandin E to infants with ductus-
dependent congenital heart disease. The stenosis
is produced by central foveolar hyperplasia. On
sonography, mucosal thickening often with pol-
ypoid or lobular appearance is observed, different
from the muscular thickening observed in hyper-
trophic pyloric stenosis (PELED et al. 1992; BABYN et
al. 1995) (Fig. 1.2).
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Fig. 1.1a,b. Pyloric atresia. Anteroposterior (a) and lateral (b) plain abdominal radiograph in a
newborn infant that shows distension of the stomach (st) and absence of air in the small bowel
and colon, resulting in the characteristic “single bubble” image

Fig. 1.2a,b. Prostaglandin therapy-induced gastric outlet obstruction. Neonate with ductus-dependent
congenital heart disease treated with prostaglandin E to maintain ductus patency. a Longitudinal US scan
through the pyloric channel shows mucosal thickening (M), and a thin muscular layer (arrows), different
from the muscular thickening seen in hypertrophic pyloric stenosis. b Axial scan through the gastric an-
trum reveals markedly hypertrophic mucosa (arrows) and an undulating appearance. The thickness of the
muscular layer of the gastric wall is normal (arrowheads)
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1.1.1.1.2
Duodenal Obstruction

Complete duodenal obstruction is much more fre-
quent than congenital gastric obstruction.
Persistent vomiting is the cardinal sign, but
abdominal distension may not be a conspicuous fea-
ture. The vomiting is bile-stained when the obstruc-
tion is below the ampulla of Vater (70% of cases),
and clear but persistent in supra-ampullary lesions.
The classic plain radiographic finding is the so-
called double bubble image (RATHAUS et al. 1992)
(Fig. 1.3). Thehigher, moreleftwardandlargerbubble
is the stomach, and the other bubble is the dilated
proximal duodenum, above the area of obstruc-
tion. Two distinct air-fluid levels are usually dem-
onstrated on erect or horizontal beam radiographs.
There is no air more distally in the gastrointestinal
tract. Newborns showing evidence of complete duo-
denal obstruction on their abdominal radiograph
rarely require further radiologic investigation. An
upper gastrointestinal series provides no additional
information, and there is a potential hazard of vom-
iting with barium aspiration. Sometimes vomiting
can result in a lack of air in the obstructed segment;

Fig. 1.3. Complete duodenal obstruction caused
by a congenital duodenal web. The stomach (st)
and duodenum (d) are dilated and with absence
of air more distally in the gastrointestinal tract,
producing the classical “double bubble” image

in these cases a small amount of air can be injected
via a nasogastric tube when the abnormal pathol-
ogy will present (Fig. 1.4). A contrast enema is not
necessary when the diagnosis is obvious, although it
can be performed to exclude additional more distal
areas of atresia (MCALISTER et al. 1996). In the case
of isolated duodenal obstruction, the colon should
be normal.

The main causes for a “double bubble” are duo-
denal atresia, annular pancreas, and midgut volvu-
lus. Less frequently it may be secondary to duode-
nal web, Ladd’s band, or preduodenal portal vein
(CrOowWE and SUMNER 1978).

Duodenal atresia is the most important cause of
complete duodenal obstruction (Fig. 1.4). It occurs
in approximately 1 in 10,000 births, and 60% of the
infants are premature. The etiology of this condi-
tion is thought to be failure of recanalization of
the duodenum, approximately between the 9th
and 11th week of gestation. Unlike jejunal and ileal
atresia, this condition does not appear to be related
to intrauterine vascular accidents (BOYDEN et al.
1967). Major associated anomalies are present in
about 50% of the patients. Approximately 30% have
Down’s syndrome. Other anomalies include malro-
tation of the small bowel, esophageal atresia, con-
genital heart disease, imperforate anus, small bowel
atresia, biliary atresia, annular pancreas, and renal
anomalies (AURINGER and SUMNER 1994; BAILEY et
al. 1993).

Annular pancreas is an anomalous band of pan-
creatic tissue, which arises from the head of the
pancreas and encircles the second portion of the
duodenum to a variable extent, giving rise to a vari-
able degree of duodenal obstruction. This anatomy
results if two ventral pancreatic buds arise from the
ventral mesentery and rotate in opposite directions
to fuse with the dorsal pancreaticbud (LARSEN 1993).
If a complete ring is formed, there may be complete
obstruction of the duodenum at the time of birth;
if the ring is incomplete, obstruction may occur
later in life or may never produce symptoms. When
a complete ring is formed, radiological findings are
indistinguishable from duodenal atresia with the
typical double bubble sign, and the diagnosis is
made at surgery (NORTON et al. 1992) (Fig. 1.5).

Midgut volvulus is the most dramatic conse-
quence of intestinal malrotation. When present at
birth, the classic finding on a plain film is partial
obstruction of the duodenum, but evidence of com-
plete obstruction may also be present. In such cases,
it is impossible to distinguish midgut volvulus from
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Fig. 1.4a,b. Duodenal atresia. a Plain radiograph obtained 6 h after birth shows absence of air in the gas-
trointestinal tract of this neonate with severe lung disease. b Radiograph made after inflation of the stom-
ach through a nasogastric tube demonstrates complete duodenal obstruction (“double bubble” sign)

Fig. 1.5a-c. Annular pancreas. Supine
(a) and lateral (b) views of the abdomen
show complete obstruction at duodenal
level identical to that seen in duodenal
atresia. The stomach (st) and duodenal
bulb (d) are distended and there is no
distal air. ¢ Surgical image shows the
pancreatic tissue (arrow) encircling the
duodenum (d)
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duodenal atresia or annular pancreas (Fig. 1.6).
Past the immediate postnatal period, any duodenal
obstruction should be assumed to be midgut volvu-
lus until proven otherwise (BuoNnomo 1997). It is the
only condition mentioned above that may kill the
patient.

Antenatal diagnosis of duodenal obstruction is
based on sonographic demonstration of polyhy-
dramnios in conjunction with a fluid-filled “double
bubble” in the fetal abdomen corresponding to the
double bubble sign seen on postpartum radiographs
(NELsON et al. 1982). Since there is a high incidence
of associated anomalies, identification of a double
bubble sign should prompt consideration of fettle
karyotyping and a careful search for other fetal
anomalies (HERTZBERG and BowIE 1990).

Partial duodenal obstruction may be produced
by duodenal stenosis, duodenal web, Ladd’s bands,
midgut volvulus, annular pancreas, preduodenal
portal vein, and duplication cyst. Plain radiographs
show gaseous distension of the stomach and duode-
num with a normal or diminished quantity of air in
the small bowel. Content studies may be necessary
to differentiate between midgut volvulus and partial
duodenal obstruction caused by a web or stenosis
(AURINGER and SUMNER 1994). Sonography is help-
ful to rule out extraluminal causes such as a duplica-
tion cyst.

1.1.1.1.3
Malrotation and Midgut Volvulus

Malrotation is a general term that includes a wide
spectrum of anomalies that occur when intestinal
rotation and fixation happens in an abnormal way.
Failure of completion of the normal intestinal rota-
tion leads to a continuum of anatomic abnormalities
with a common clinical denominator consisting of
obstruction with the potential for midgut volvulus.
Only its presentation as an abdominal emergency in
the neonatal period is discussed here.

Malrotation results not only in the malposition
of the bowel but also in the malfixation of the mes-
entery. When the duodenojejunal junction and the
cecum, the normal points of fixation of the mes-
entery, are not in their usual location, the mesen-
teric attachment is shortened to a narrow pedicle.
Because the entire length of the midgut is attached
to this narrow pedicle, there is a tendency for the
intestines to twist around the pedicle. This twisting
of malfixed intestines around the short mesentery
is named midgut volvulus (Fig. 1.7) (MILLAR et al.
2003; TorRRES and ZIEGLER 1993). With volvulus, the
small bowel wraps around the axis of the superior
mesenteric artery (SMA), resulting in a spiral that
impairs blood supply. Twists of 720° and greater are
often reported. Increasing degrees of volvulus will

Fig. 1.6a,b. Midgut volvulus. A 5-day-old neonate with severe vomiting. a Abdominal plain radiograph shows
marked distension of the stomach and duodenal bulb and absence of air more distally. b Surgery demonstrated
midgut volvulus with necrosis of the entire midgut
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Fig.1.7. Schematic draw-
ing that shows midgut vol-
vulus (C) developing from
non-rotation (A) or incom-
plete rotation (B). The lack
of normal fixation due to
short mesentery permits
the bowel to volvulize

obstruct the bowel lumen, but also the lymphatic
drainage, the venous drainage, and eventually, the
arterial supply. Obstruction of the vascular supply
can be a life-threatening condition requiring imme-
diate surgical intervention (SPIGLAND et al. 1990;
PickHARDT and BHALLA 2002).

A patient with malrotation may also develop
dense peritoneal bands, termed Ladd’s bands, that
originate in an attempt to fix the bowel. These bands
extend from the cecum to the hilum of the liver,
posterior peritoneum, or abdominal wall across
the duodenum and can cause extrinsic duodenal
obstruction.

Volvulus of the midgut may occur at any age but
it is more common in the first month of life, most of
them presenting in the first week of life (TORRES and
ZIEGLER 1993). In general, the symptoms are those
of obstruction. The child with obstruction second-
ary to midgut volvulus typically presents with a
sudden onset of bilious vomiting often preceded

by initial toleration of feeding. The sudden onset
of bilious emesis in a neonate who has been normal
for the first few days of life should be considered to
be due to a midgut volvulus until proven otherwise
(Buonomo 1997). In the early stages, prior to the
onset of ischemia, the abdomen is not distended.
Patients presenting with shock have a worse prog-
nosis. This manifests as abdominal distension with
peritonitis, bloody stools, and hemodynamic com-
prise (BoNaDIO et al. 1991).

The imaging work-up begins with a plain radio-
graph. An anteroposterior supine view and either
an upright view or cross-table lateral view should
be obtained. In general, the abdominal plain radio-
graph shows evidence of obstruction, usually in the
third portion of the duodenum but occasionally,
higher or even lower. The stomach and proximal
portion of the duodenum are dilated and some air
is usually seen in the jejunum and ileum (Fig. 1.8).
These cases are frequently identical in appearance
to duodenal stenosis and other incomplete congeni-
tal duodenal obstructions. As already noted, com-
plete duodenal obstruction with the double bubble
sign may also be a presentation form, this pattern
being indistinguishable from other causes of com-
plete congenital duodenal obstruction. The abdomi-
nal radiograph may be normal if the obstruction is
recent, intermittent, or incomplete, or may demon-
strate a relative paucity of bowel air (KAsSNER and
KoTTMEIER 1975; FRYE et al. 1972). The significance
of these findings must be recognized in the context
of an infant with bilious vomiting, because they are
much more alarming than multiple dilated loops of
bowel, which denote a more distal obstruction from
a cause other than midgut volvulus (HERNANZ-
SCHULMAN 1999). A gasless abdomen associated
with abdominal distension or tenderness may be a
sign of strangulated midgut volvulus (KassNER and
KoTTMEIER 1975). Diffuse gaseous distension of the
bowel with a “low obstruction” pattern is uncom-
mon and correlates with gangrenous bowel, perhaps
because vascular occlusion interferes with resorp-
tion of air (FRYE et al. 1972) (Fig. 1.9).

An upper gastrointestinal series is the preferred
imaging modality for the radiologic diagnosis of
a midgut volvulus and should be performed in all
patients with bilious emesis, except in those with
evidence of complete duodenal obstruction in the
plain radiograph or in critically ill infants. A non-
ionic, water-soluble contrast medium is preferable,
although barium can also be used. Ionic hypertonic
solutions, such as gastrographin, are to be avoided
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Fig. 1.8a,b. Midgut volvulus. Supine (a) and lateral (b) radiographs show distension of the stom-
ach and duodenum with some distal intestinal air in a 12-day-old infant with severe vomiting

Fig. 1.9a-c. Different patterns of midgut volvulus in plain abdominal radiographs. a Normal air pattern in a neonate with
bilious vomiting. b Another neonate patient with bilious vomiting. There are a few dilated bowel loops suggesting high
intestinal obstruction. ¢ Obstructed, distended gas pattern suggesting devitalized bowel probably due to venous obstruc-
tion and infarction

as aspiration causes pulmonary edema that may be
fatal. The contrast medium may be administered
orally or, even better, through a nasogastric tube to
control the amount of contrast, because a contrast-
filled, distended stomach may obscure the course
and configuration of the duodenum. The pathogno-

monic finding of midgut volvulus in the upper gas-
trointestinal examination is a spiral or “corkscrew
appearance” of the twisted distal duodenum and
jejunum that are located in the middle of the abdo-
men (STROUSE 2004; LoNG et al. 1996) (Fig. 1.10).
The bowel lumen is narrowed and the duodenum
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proximal to the obstruction may be mildly dilated.
The contrast pass from the stomach to the duode-
num and jejunum showing the characteristic cork-
screw course both in the anteroposterior and lateral
views. In the lateral view the distal duodenum will
exhibit a characteristic anterior course (Fig. 1.10)
(KopLEwITz and DANEMAN 1999). When there is
complete obstruction, the contrast medium cannot
enter the volvulized loops to show the “corkscrew”
and only the entrance to the volvulus is identified,
with a tapered or “beaked” appearance (Fig. 1.11). In
cases of recent complete obstruction, distal air may
be seen; however, the contrast cannot enter the vol-
vulized segment, so the corkscrew image cannot be

Fig. 1.10a-c. Midgut volvulus in a 16-day-old male with bil-
ious vomiting. a Upper gastrointestinal study, anteropos-
terior projection. Radiograph demonstrates the corkscrew
configuration of the duodenum and proximal jejunum. b
Lateral projection. The spiral or corkscrew appearance of
the duodenum and jejunum is again shown (arrows). The
anterior course of the distal duodenum is demonstrated.
¢ Midgut volvulus (arrows) without ischemia was found at
surgery

seen. Once the findings of volvulus are confirmed,
no further imaging studies are necessary. Surgical
intervention is mandatory immediately following
the diagnosis.

Obstruction due to Ladd’s bands produces a
Z-shaped configuration, outlining the lack of normal
rotation and fixation of the duodenum. The Z-con-
figuration may appear similar to the “corkscrew”
of volvulus, but it does not indicate volvulus itself
(Fig. 1.12). It must be stressed, however, that in most
children with malrotation obstruction is caused by
the volvulus with the band playing a lesser role or
no roll at all (FOrD et al. 1992; TORRES and ZIEGLER
1993).
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Fig. 1.11a,b. Midgut volvulus in a 7-day-old girl with bilious vomiting. Upper gastrointestinal series. Anteroposterior (a) and
lateral projections (b). The distal duodenum courses anteriorly and tapers to a “beaked” obstruction (arrow). No contrast
is observed beyond the obstruction, but there is distal air indicating a recent complete obstruction

Fig. 1.12a,b. Malrotation with z-shape of the duodenum and jejunum. Upper gastrointestinal series.
Anteroposterior (a) and lateral (b) projections show a central, downward, Z course of the duodenum.
No volvulus was found at surgery. Surgery demonstrated the partial obstruction to be produced by

Ladd’s bands

Currently, a contrast enema has fallen out of favor
for the diagnosis of malrotation and its main compli-
cation is that the cecum can be normal in up to 20%-
30% of infants with malrotation and, therefore, a
normal cecum does not exclude malrotation (SLovis
etal. 1980). On the other hand, approximately 15% of
patients with normal rotation have a mobile cecum

that could be misinterpreted as malfixation (BEASLEY
and DE CaMpo 1987). Nevertheless, demonstration
of an unequivocally abnormal cecal position in the
setting of an equivocal upper gastrointestinal series
may be helpful (STROUSE 2004).

Ultrasound may also be a useful tool in the early
detection of midgut volvulus because of its availabil-
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ity, relative lack of need for preparation, and lack of
ionizing radiation. In fact, several authors currently
recommend routine US examination before per-
forming a gastrointestinal series in any patient with
bilious vomiting if surgery is going to be delayed, for
several reasons: (1) It can be performed at the bed-
side. (2) It provides information about the outside
part of the bowel loops and the abdominal cavity not
provided by the contrast examination. (3) In com-
plete obstruction, it provides information about the
intestinal loops beyond the obstruction (BABcock
2002; WEINBERGER et al. 1992).

The characteristic finding of midgut volvulus in
the US examination is the “whirlpool” sign produced
by the twisting of the bowel, mesentery, and supe-
rior mesenteric vein around the axis of the superior
mesenteric artery (Fig.1.13). The whirlpool sign,
proposed by PRACROS et al. (1992), directly indicates
the anatomic alteration caused by midgut volvulus.
The SMV and tributaries wrap around the SMA as a
result of the volvulus, resulting in a partial or com-

plete blockage of the blood supply to the midgut.
The whirlpool sign represents this characteristic
pattern of the SMV and SMA on sonograms (CHAO
et al. 2000; PRACROS et al. 1992; SHIMANUKI et al.
1996). Color Doppler reveals a circle of vascularity
representing the superior mesenteric vein twisting
around the superior mesenteric artery (PATINO et
al. 2004). Other described findings such as dilated
thick-walled bowel loops, mainly to the right of the
spine, increased peritoneal fluid, a dilated duode-
num, a truncated SMA, and a solitary hyperdynamic
pulsating SMA, are also useful findings in a proper
clinical setting but are non-specific (SzE et al. 2002;
SMET et al. 1991; CHAO et al 2000).

1.1.1.1.4
High Small Bowel Obstruction

High small bowel obstruction includes atresia or
stenosis of the jejunum or proximal ileum. It is now
generally accepted that intestinal atresia and ste-

Fig. 1.13a-c. “Whirpool” sign of midgut volvulus. A 12-day-old fe-
male with bilious vomiting. a Transverse B-mode sonography of the
upper abdomen shows the twisting of bowel, mesentery, and superior
mesenteric vein around the axis of the superior mesenteric artery.
b Color Doppler image demonstrates a circle of vascularity that rep-
resents the superior mesenteric vein twisting around the superior
mesenteric artery, producing the characteristic “Whirlpool sign”.
¢ Upper gastrointestinal series confirms midgut volvulus
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nosis below the duodenum are caused by an intra-
abdominal vascular accident during intrauterine
life. The vascular accident may be primary or sec-
ondary to a mechanical obstruction, as in the case
of in utero volvulus. This results not merely in a
hindrance of growth, but also in an actual disap-
pearance of the affected portion of the fetal bowel
(PoweELL and RAFFENSPERGER 1982). Jejunoileal
atresias are classified into four types based on their
anatomic appearance (TOULOUKIAN 1993). Typel
is a simple intraluminal diaphragm, and accounts
for 32% of jejunal atresias. In type II, the proximal
bowel terminates in a blind end and the distal bowel
commences similarly, the two ends being joined by
a fibrous band. In type III, the proximal and distal
blind ends are completely separated with no con-
necting band. The adjoining mesentery always has
a V-shaped defect corresponding to the missing
segment. The familial form of multiple atresias is
considered type IV. A rare form of inherited jejunal
atresia is the “apple-peel mesentery”, also called the
“Christmas-tree mesentery.” This abnormality is the
result of a catastrophic in utero vascular accident,
producing an interruption of the distal superior
mesenteric artery that leads to atresia of a large
segment of small bowel and mesentery. The proxi-
mal segment is dilated, whereas the collapsed distal
segment is spiraled around its vascular supply and

resembles an apple peel. The blood supply is retro-
grade through the anastomotic arcade of the inferior
mesenteric artery (LEONIDAS et al. 1978; MANNING
et al. 1989). This defect has historically been asso-
ciated with high mortality, although recent reports
suggest an improved prognosis (WALDHAUSEN and
SAWIN 1997).

Jejunal atresias comprise approximately 50% of
small bowel atresias, and in 10% of the cases, there
are multiple areas of atresia (DE LORIMIER et al.
1969). Jejunal atresia is clinically characterized by
bilious vomiting, frequently delayed until after the
first feeding, and abdominal distension. The lower
the obstructive lesion in the small bowel, the more
severe the abdominal distension, and the more dif-
ficult the accurate localization of the site of obstruc-
tion is (GopBOLE and STRINGER 2002).

The diagnosis is usually apparent on the plain
films. The abdominal radiograph shows a few dilated
bowel loops (three or four air bubbles), more than in
the case of duodenal atresia and fewer than in ileal
atresia or in other causes of low bowel obstruction
(Fig. 1.14). The loop just proximal to the site of the
atresia is frequently disproportionately dilated with
a bulbous end. There is no air in the lower portion
of the abdomen; this is observed most clearly in
the upright film (RATHAUS and GRUNEBAUM 1992)
(Fig. 1.15). The colon cannot be identified and air
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Fig. 1.14a,b. Jejunal atresia. a Supine radiograph shows a few dilated, air-filled intestinal loops, about
four “bubbles”, which indicates a high obstruction. b Surgical image demonstrates the location of
the atresia (arrow), the dilated proximal jejunum, and the small caliber of the bowel distal to the

atresia
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is not found in the rectum. These signs indicate an
obstructive lesion in the small intestine, and surgery
is mandatory. Here, also when the obstruction can
be definitely identified in the small intestine, there
is no need to delay surgery to give contrast mate-
rial orally. An upper gastrointestinal series is clearly
not indicated. In fact, flocculation and dispersion of

the contrast given orally may occur, due to the high
mucus content of the distended segment, and little
information is obtained. Occasionally, the dilated
bowel loops may be fluid-filled giving an airless
abdomen. In cases of doubt, aspiration and insuf-
flation of air through a nasogastric tube should be
carried out (Fig. 1.16).

Fig. 1.15a,b. Jejunal atresia. Anteroposterior (a) and lateral (b) upright radiographs show a few
central air-fluid levels indicating high obstruction

Fig. 1.16a,b. Jejunal atresia. a Supine radiograph shows an airless abdomen. b Aspiration and
insufflation of air through a nasogastric tube was performed and adequately demonstrates the
point of obstruction (arrow). Massively dilated loops of jejunum but only about three “bubbles”
give indication of a high obstruction
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Although a patient with jejunal or proximal ileal
atresia usually needs no further radiologic investiga-
tion, contrast material enema examinationsare com-
monly performed to attempt to exclude second and
third areas of atresia lower in the bowel. The colon in
isolated jejunal and proximal ileal atresia, as in duo-
denal atresia, is normal or near normal in size. If a
microcolon is encountered, additional distal atresia
should be suspected (HERNANZ-SCHULMAN 1999).
A contrast enema is especially indicated when the
scout radiograph shows distension of the flanks and
elevation of the diaphragms indicating the presence
of multiple dilated loops of the bowel filled with fluid
distal to the obstruction. If the ischemic event that
produced the atresia caused a perforation, there may
be evidence of meconium peritonitis with peritoneal
calcification. The apple peel type of atresia does not
have distinctive findings on plain film (Fig. 1.17).

Sonography has a role in high intestinal obstruc-
tion, especially in patients with lack of air in the
gastrointestinal tract whenever marked disten-
sion of the flanks and elevation of the diaphragms
is observed on the plain radiograph. In such cases,
sonography is useful to differentiate the presence of
multiple dilated loops filled with fluid from ascites
(Fig. 1.18). It is also useful in demonstrating associ-

ated anomalies in the abdominal organs (HAYDEN
1991; JouppiLA and KIRKINEN 1984).

Severe congenital stenosis of the small bowel is
usually accompanied by vomiting and abdomi-
nal distension, identical in severity to that seen in
atresia. In less severe cases, these symptoms may
be mild or even delayed for several days or weeks.
Plain abdominal radiographs reveal dilatation of
bowel loops proximal to the stenosis and normal or
decreased quantity of air in the small bowel distal to
the stenosis (MCALISTER et al. 1996).

1.1.1.2
Low Obstruction

Low intestinal obstruction is defined as one occur-
ring in the distal ileum or colon. The symptoms are
vomiting, abdominal distension, and failure to pass
meconium.

For practical purposes, the differential diagnosis
of low intestinal obstruction in the neonate consists
of five conditions. Two conditions involve the distal
ileum and include ileal atresia and meconium ileus,
and three involve the colon, which are colonic atre-
sia, Hirschsprung’s disease, and functional imma-
turity of the colon that includes meconium plug

Fig. 1.17a,b. “Apple peel” mesentery. a Plain radiograph showing dilated proximal loops suggest-
ing high obstruction. b Surgical specimen shows the dilated proximal segment and the collapsed
distal segment, which is spiraled around its vascular supply and resembles an “apple peel”. The
mesentery is short
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syndrome and small left colon syndrome. Anorectal
malformations are also an important cause of low
intestinal obstruction, but are almost always evi-
dent on physical examination.

A low obstruction is usually obvious on the plain
film. Plain radiographs in low obstructions are char-
acteristic, always showing multiple dilated air-filled
bowel loops, with air-fluid levels in the upright or
horizontal beam radiographs. Whether or not a low
obstruction is at the level of the distal ileum or at
the level of the colon and, in this case, in what part
of the colon, is usually impossible to determine from
the plain film. The dilated loops occupy the entire
abdominal cavity, and the small and large bowel
cannot be distinguished from each other. This dis-
tinction can be readily made with a contrast enema.
Virtually all neonates with evidence of low obstruc-
tion require a contrast enema. The critical differ-
ential diagnostic finding on the contrast enema of
a newborn with low obstruction is the presence or
absence of a microcolon. The term microcolon is
synonymous with unused colon. The colon in low
intestinal obstruction is small, owing to a lack of
use rather than anatomic or functional abnormality
(BErDONetal. 1968). The caliber of the colon depends
on the passage of intestinal fluid and desquamate
mucosal cells from the jejunum and proximal ileum.
These small intestinal contents are termed succus
entericus. If little or no succus entericus reaches the

Fig. 1.18a,b. High intestinal obstruction. a Plain radiograph
of a newborn infant that shows an airless abdomen with air
only in the stomach. Despite the lack of intestinal air, there
is distension of the flanks and elevation of the diaphragms.
b Sonography demonstrates the abdominal distension to be
produced by fluid-filled intestinal loops. At surgery, a proxi-
mal ileal atresia was found

colon, it is tiny. In low intestinal obstructions, the
fetal colon does not receive sufficient contents from
the small intestinal to assume its normal caliber,
and, therefore, at birth the colon is usually of very
small caliber, generally less than 1 cm, and nondis-
tensible. Proximal obstructions such as duodenal
or jejunal atresias maintain normal colonic caliber
by virtue of passage of succus entericus produced
by the remaining small bowel distal to the atresia
(HERNANZ-SCHULMAN 1999). Normally, meconium
reaches the cecum in the fourth month of intrauter-
ine life and is in the rectum by the fifth month. The
development of obstruction at an early period will
consequently prevent the passage of meconium into
the colon, leaving this structure collapsed and nar-
rowed, although potentially distensible. In cases of
distal small bowel obstruction of relatively recent
onset, the colon has had time to attain a normal
caliber, and therefore a microcolon is not present.
Thus, the presence of a microcolon is diagnostic of
a long-standing distal small bowel obstruction, but
a normal colon does not exclude this condition in
all cases (DALLA VECCHIA et al. 1998). The degree of
microcolon in complete obstruction is variable, pre-
sumably due to the variable amount of meconium
formed by internal secretions below the obstruction.
The choice of contrast medium varies among differ-
ent medical centers. We currently use a low osmolar
water-soluble contrast medium.
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1.1.1.2.1
Distal Small Bowel Obstruction

Ileal atresia is an important cause for low intes-
tinal obstruction. It represents approximately 50%
of small bowel atresias and the etiology is similar
to that of jejunal atresia. As jejunal atresias, they
are believed to result from an intrauterine vascular
injury. Approximately 25% have a history of poly-
hydramnios (SWEENEY et al. 2001).

Plain film shows numerous dilated loops of bowel
occupying the entire abdominal cavity, including
the pelvic portion, and multiple air-fluid levels in
upright film (Fig. 1.19). With this degree of disten-
sion the mucosal pattern of the small bowel is effaced
and it is impossible to differentiate the small bowel
from the colon (WINTERS et al. 1992). Examination
of the colon is then warranted to disclose the pres-
ence or absence of a colonic lesion. In ileal atresia,
the colon is normally placed but has an abnormally
small caliber, the so-called functional microcolon
typical of distal small bowel obstruction (DALLA
VECCHIA et al. 1998) (Fig. 1.19d,e). The presence of
pneumoperitoneum indicates that perforation has
occurred and a colon examination is contraindi-
cated. Intraperitoneal calcifications, indicative of
meconium peritonitis, are not uncommon in ileal
atresia.

Meconium ileus is a low intestinal obstruction
produced by impaction of abnormal meconium in
the distal ileum. It almost always occurs in patients
with cystic fibrosis, in which a deficiency of pan-
creatic enzymes causes the meconium to become
abnormally viscous and thick. The effects on the gas-
trointestinal tract range from temporary meconium
retention with delayed but spontaneous evacuation
of the meconium, to complete obstruction. When
obstruction occurs, the distal ileum is narrowed and
contains concretions of grey inspissated meconium
pellets (GArzA-Cox et al. 2004). Proximal to this the
ileum is grossly distended by thick, tenacious, chew-
ing-gum-like meconium due to the viscid, abnormal
mucus. Meconium ileus is the earliest manifestation
of cystic fibrosis and occurs in 10%-15% of patients.
A family history is often elicited. Symptoms usu-
ally commence on the first day of life and consist
of bile-stained vomiting and abdominal distension.
The abdomen may have a doughy feel and it is some-
times possible to indent the bowel contents on pres-
sure. The diagnosis may be confirmed by finding an
increased concentration of sodium chloride in the
sweat (BURGE and DREWETT 2004).

Meconium ileus can be complicated or uncompli-
cated. The plain radiograph in uncomplicated meco-
nium ileus usually demonstrates low obstruction.
The abdomen is filled with air-distended loops, and
occasionally there is a relative absence of air-fluid
levels (Fig. 1.20). In general, patients with meconium
ileus have fewer air-fluid levels than patients with
small bowel atresias. The sticky, viscid meconium
prevents rapid movement of air shadows during
changes of posture so that fluid levels do not easily
develop. Sometimes, a mixture of air and meconium
may be visualized as coarse, granular, ground-glass
shadows, giving rise to a “soap bubble” appearance
similar to the fecal pattern of the colon in older
patients. However, a similar faucial pattern may also
be seeninileal atresia and aganglionosis of the termi-
nalileum, so these findings are not of much use in the
differential diagnosis of low obstruction (LEONIDAS
1976). On ultrasound, abnormal intestinal contents
are hyperechogenic and thick, which is clearly dif-
ferent from that of the ileal atresia, where the bowel
is filled with hypoechoic fluid and air (BArRkI and
BAR-Z1v 1985; SIGALAS et al. 2003) (Fig. 1.21).

Contrast enema classically demonstrates a micro-
colon, and multiple small filling defects consisting
of meconium pellets may be seen within the micro-
colon and in the collapsed distal ileum, with dilated
small bowel proximal to the obstruction (Fig. 1.22).
These findings are diagnostic of meconium ileus.
The type of contrast to be used in this examina-
tion should be considered carefully, especially given
the fact that the etiology of the distal obstruction is
not known prior to this examination. Barium is not
ideal in patients with meconium ileus and impacted
meconium pellets. Itis preferable to begin the enema
examination with a water-soluble contrast medium.
Low osmolar, non-ionic water-soluble agents are the
best choice to avoid large fluid shifts into the bowel.
These agents are expensive, so a relatively dilute
isosmolar ionic water-soluble contrast medium
may also be acceptable. Once the diagnosis is made,
these patients should undergo a therapeutic enema
to help the passage of the sticky meconium and so
relieve the obstruction avoiding surgery. The choice
of contrast media is controversial, but a hyperosmo-
lar agent such as Gastrografin continues to be used
by many radiologists (BURKE et al. 2002). Gastro-
grafin is meglumine diatrizoate; a water-soluble,
radiopaque solution containing 0.1% polysorbate
80 (Tween 80) and 37% organically bound iodine.
The solution’s osmolarity is 1900 Osm/L. This very
hyperosmolar agent decreases the tenacity of the
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Fig. 1.19a-e. Ileal atresia. a-c Supine, lateral,
and upright abdominal radiographs show
multiple dilated air-filled bowel loops occu-
pying the entire abdominal cavity, with air-
fluid levels in the upright radiograph. Note in
(b) the absence of air in the rectum. With this
degree of distension it is impossible to dif-
ferentiate the small bowel from the colon. d,e
Contrast enema outlines the minute size of the
colon corresponding to an unused colon
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Fig. 1.20a,b. Meconium ileus. a Supine plain radiograph shows marked bowel distension with suggestive
evidence of mottled air and feces in ascending colon and terminal ileum. b Upright film shows absence
of well-defined air-fluid levels

Fig. 1.21a,b. a Neonate with cystic fibrosis. Sonography shows
intestinal loops filled with hyperechogenic and thick meco-
nium. b Neonate with ileal atresia. Intestinal loops are filled

meconium by drawing water into the bowel lumen.
Before proceeding with this therapy, the infant must
show signs of uncomplicated meconium ileus and
no clinical or radiologic evidence of complicating
factors (e.g., volvulus, gangrene, perforation, peri-
tonitis). Under fluoroscopic control, a 25%-50%
solution of Gastrografin should be infused slowly at

with hypoechoic fluid and air

low hydrostatic pressure through a catheter inserted
into the rectum. Balloon inflation must be avoided
to minimize the risk of rectal perforation.

An expert group convened by the Cystic Fibrosis
Foundation Consensus Conference found no scien-
tific evidence that Gastrografin was superior to other
low osmolar water-soluble contrast media in the
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Fig. 1.22a,b. Meconium ileus. a Water-soluble contrast enema showing a microcolon with scattered
filling defects that correspond to inspissated meconium. b The enema was continued with reflux of
the contrast medium into the terminal ileum, showing filling defects that represent meconium pel-
lets. The patient was discharged within 48 h of successful treatment

treatment of meconium ileus. As Gastrografin may
cause hypotension or circulatory collapse in newborn
infants, many radiologists currently favor the use of
low osmolar agents in these infants. In any case, the
flow of the contrast through the thick meconium is
slow, and usually several enemas are required. Efforts
must be taken to reflux contrast into the ileum and
if possible back into the dilated proximal bowel
(Fig. 1.23). Care should be taken that the patient is well
hydrated because of fluid shifts. The patient’s electro-
lyte balance must be attended to before, during, and
after each enema (Kao and FRANKEN 1995).

Meconium ileus may be complicated by volvulus
of a distal intestinal loop, perforation, or atresia. All
patients with complicated meconium ileus require
surgical intervention (Fig. 1.23), therefore radio-
graphs need to be read carefully for the presence of
calcification or pneumoperitoneum which indicates
in utero perforation and the need for surgical inter-
vention without further imaging (REscorLA and
GROSFELD 1993).

Meconium peritonitis is a condition that is the
result of in utero perforation of the fetal gastroin-
testinal tract during the last 6 months of pregnancy.
Sterile meconium escapes through the perforation
into the peritoneal cavity producing a marked reac-
tion with dense adhesions, which usually calcify rap-

idly, in some cases as early as 24 h after it leaves the
intestinal lumen. Yellow-green nodules form on the
bowel wall and the perforation may be sealed off so
well that at birth there may not be any macroscopic
evidence of the leak. However, if the perforation is
still present after birth and meconium still escapes
into the peritoneal cavity, secondary septic peritoni-
tis will develop. Very often a pseudocyst is formed
by adjacent loops of the intestine, which tend to wall
off the perforation. The wall of this pseudocyst is
lined by a thick plaque of greenish-yellow material
with areas of calcification (REYNOLDS et al. 2000)
(Fig. 1.24). The intrauterine perforation may be due
to any obstructing lesion such as atresia, meconium
ileus, volvulus, Meckel’s diverticulum, internal
hernia, or bands. In such cases the causative lesion
will be found at laparotomy. Frequently, however,
no obvious cause for the perforation can be found.
Such idiopathic perforations may be produced by
localized areas of intestinal infarction due to minute
emboli from the placenta (ECKOLDT et al. 2003).

The diagnosis is usually obvious on the plain
radiographs of the abdomen and is characterized
by linear or punctate calcifications over the serosal
surfaces of the abdominal viscera. The calcifica-
tion may consist of a few irregular scattered areas
or may be more extensive, consisting of continuous
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Fig. 1.23a,b. Meconium ileus. a,b Intraoperative views illustrating the tenacious nature of the meconium impacted within
the distal small bowel loops (arrows) in a patient in which contrast enema failed to solve the obstruction

Fig. 1.24a,b. Meconium peritonitis. a Abdominal radiograph demonstrates a small amount of gas in a markedly dis-
tended abdomen. A calcified mass within the peritoneal cavity is observed (arrows). There is no pneumoperitoneum.
b Sonography of the same patient shows a pseudocyst containing debris with peripheral calcification

linear depositions of calcium localized underlying
the anterior or posterior abdominal walls, in the
flanks, or beneath the diaphragm. Calcifications
may also be observed in the scrotal sac of males
owing to communication through a patent pro-
cessus vaginalis (SALMAN et al. 1999) (Fig. 1.25).
Pseudocysts also may be seen as a solid mass on
plain radiographs. In addition, distended loops of

the bowel with air-fluid levels may be present due
to the underlying intestinal obstruction. Where
the perforation is still patent, free air will be seen
in the peritoneal cavity (Fig. 1.26) or trapped in a
walled-off loculus or pseudocyst. Decubitus radio-
graphs to determine the presence or absence of free
air with a persistent perforation are essential. The
typical appearances of pneumoperitoneum, how-
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ever, are not usually seen because of the presence
of adhesions, which obliterate most of the perito-
neal cavity.

Ultrasound may be useful in these patients, espe-
cially in the presence of a relatively airless abdomen.
Meconium peritonitis predominantly presents two
ultrasound appearances: general or cystic abnor-
mality. With the generalized condition, highly echo-
genic material spreads throughout the abdomen
and around the bowel loops (Fig. 1.27), producing a
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Fig. 1.26. Meconium peritonitis with intrauterine bowel perforation. Free
air within the peritoneal cavity is observed (arrows) in this neonate with
ileal atresia. No bowel distension is observed. A patent bowel perforation
was found at surgery
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Fig.1.25a-c. Meconium perito-
nitis with calcified meconium in
the scrotum. a Plain radiograph
at birth showing scattered areas
of calcification in the scrotum
(arrowhead). Small flakes of in-
traabdominal calcifications are
also observed. b Sonography of
the same patient shows an in-
trascrotal pseudocyst contain-
ing fluid and echogenic debris
and calcium. ¢ Clinical picture
of the same patient showing the
enlarged scrotum
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characteristic “snowstorm appearance” (LAWRENCE
and CHRISPIN 1984). The cystic form is character-
ized by localized, cystic collections of meconium
(meconium pseudocysts) ranging from a few centi-
meters in size to huge cysts occupying most of the
abdominal cavity. The cyst is usually well defined
and predominantly echogenic, but may also be less
well defined and markedly heterogeneous. The walls
are echogenic and may be thick or thin (BowEN et al.

1984; FOSTER et al. 1987) (Figs. 1.24 and 1.28). Calci-
fied foci may be demonstrated with posterior shad-
owing in many cases.

Meconium peritonitis may also be diagnosed by
prenatal ultrasound. It can present as fetal meco-
nium ascites, giant pseudocysts, small pseudocysts,
and calcifications. Associated polyhydramnios is a
common finding (ECKoLDT et al. 2003; KAMATA et
al. 2000).

Fig. 1.27a-c. Meconium peritonitis in a neonate with cystic fibrosis. Sonography demonstrates intraabdominal calcifications
over the liver surface (a), around the spleen (b), and around the bowel loops (c) (arrows). Note the hyperechogenic inspis-

sated meconium into the bowel loops

Fig. 1.28a,b. Meconium pseudocyst. a Sonography of the right hemiabdomen shows a large fluid-filled mass with echogenic
contents. b High resolution US scan demonstrates a well-defined walled cyst with striking echogenic content consistent
with inspissated meconium
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1.1.1.2.2
Colonic Obstruction

Colon atresia, similar to small bowel atresia, is
believed to result from an intrauterine vascular
insult. The colon is the least frequent location, rep-
resenting 5%-15% of all intestinal atresias (POWELL
and RAFFENSPERGER 1982). Multiple atresia syn-
dromes may involve the colon in addition to the
small bowel. Proximal location is more common
than distal, with atresia beyond the splenic flexure
being unusual. Clinical presentation may be delayed
up to 48 h after birth. The abdominal scout film,
in particular when the atresia is in the ascending
colon, is often indistinguishable from obstruction of
the distal ileum. The colon proximal to the point of
atresia is often massively dilated and a mottled pat-
tern of air and meconium may be identified. Plain
film is usually unclear prior to 12-24 h of age so
that an adequate amount of air can reach the site
of obstruction (HajrvassiLiou 2003). Sonography
can determine the cause of distension before air is
present in the distal bowel. The sonographic features
of colon atresia are dilated distal small bowel and
proximal colon, which often is markedly echogenic
secondary to retained meconium.

Contrast-enema usually reveals a microco-
lon distal to the atresia, with obstruction to the
retrograde flow of barium at the site of the atre-
sia (Fig. 1.29). A “wind-sock” appearance may be
observed with membranous atresias (WINTERS et
al. 1992). Calcification of meconium peritonitis due
to in utero bowel perforation is present in about 12%
of atresia cases, and can be diagnosed antenatally by
sonography.

Hirschsprung disease is a form of low intesti-
nal obstruction caused by the absence of normal
myenteric ganglion cells in the submucosal and
intermuscular myenteric plexuses of a segment of
the colon. Clusters of enlarged, unmedullated nerve
fibers have taken their place. In normal intrauter-
ine development, neuroenteric cells migrate from
the neural crest to the upper end of the gastroin-
testinal tract by 5 weeks and proceed in a caudal
direction. These cells reach the rectum by 12 weeks
and commence the intramural migration from the
myenteric plexus (Auerbach’s plexus) to the submu-
cosal plexus (Meissner’s plexus). Hirschsprung’s
disease is caused by abnormal neural crest cell
migration resulting in arrested distal migration
of these cells (GERsHON and RATCLIFFE 2004). The
length of the aganglionosis is variable but always

commences at the lower end of the rectum and
extends proximally for a variable distance. In about
80% of cases, the anomaly does not extend beyond
the sigmoid (short segment), while in the remainder
it extends proximally to involve variable lengths of
the colon and may even involve the terminal ileum
(long segment). Ultrashort segment disease with
aganglionosis essentially limited to the region of
the internal sphincter is very rare, as is aganglio-
nosis involving the entire alimentary tract (MEIER-
RUGE et al. 2004; DAsGuPTA and LANGER 2004). In
children with Hirschsprung’s disease, the absence
of ganglion cells results in the failure of the distal
intestine to relax normally, peristaltic waves do not
pass through the aganglionic segment and there is
no normal defecation leading to functional obstruc-
tion. The aganglionic segment remains unexpanded
and the proximal colon becomes distended and
hypertrophied. Hirschsprung’s disease is responsi-
ble for approximately 15%-20% of cases of neonatal
bowel obstruction. Short segment disease is more
common in males at a ratio of 4:1. In long segment
aganglionosis, male preponderance diminishes to
2.8:1. Gender distribution is almost equal in the
cases with extensive involvement (KLEINHAUS et al.
1979)

A positive family history is encountered in about
10% of patients with short segment disease and in
25% of patients with total colonic aganglionosis.
Hirschsprung’s disease is associated with esopha-
geal dysmotility syndromes, malrotation and ileal or
colonic atresia. Approximately 3% of patients with
Down’s syndrome have Hirschsprung’s disease. The
disease has also been associated with other neuro-
cristopathies (neuroblastoma, pheochromocytoma,
MEN IIA syndrome) and is thought to be related to
their common neuroblastic origin (RESCORLA et al.
1992). The severity of the symptoms does not depend
entirely on the length of the aganglionic segment.
Abdominal distension, failure to pass meconium in
the first 24 h of life, constipation, and bilious vomit-
ing are the predominant symptoms, with the signs
of obstruction appearing within a few days after
birth.

Plain abdominal film of infants with this condi-
tion is similar to that of other forms of low small
bowel obstruction. The abdomen is filled with
several distended loops of the colon and the small
bowel often with air-fluid levels. The colon is usu-
ally difficult to identify accurately, and air is usu-
ally absent in the rectum (Fig. 1.30). About 5% of
patients may present with pneumoperitoneum
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Fig. 1.29a-d. Colon atresia. a Supine radiograph shows gaseous distension of bowel. b,c Con-
trast enema, anteroposterior and lateral views show abnormally small colon (microcolon) with
complete obstruction to retrograde flow of contrast material proximal to the middle transverse
portion of colon. d Photograph at operation shows a distended colon up to the site of the atresia

(arrow) and a microcolon distal to it

secondary to perforation (DAsGUPTA and LANGER
2004). Most of these patients have long segment or
total colonic aganglionosis. As in all cases of low
intestinal obstruction, a contrast enema is needed.
Rectal examination should not be performed prior
to the enema as this may mask a low-lying transi-
tion zone. The enema examination is started with
the patient in a lateral position. The catheter should

be placed barely within the rectum, so as not to
obscure a transition zone. Balloon catheters should
never been used as they may obscure a transition
zone or even perforate the aganglionic rectum.
Although the contrast enema has classically been
performed with barium sulphate, currently low-
osmolar water-soluble is the preferred contrast
medium because of the risk of barium peritonitis
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in the event of colonic perforation. There are many
signs of Hirschsprung’s disease on contrast enema
studies. The most important is the transition zone
between the normal or relatively narrow agangli-
onic segment and the dilated bowel proximal to it,
usually in the shape of an inverted cone (Figs. 1.30
and 1.31). This finding is present in about 65% of
neonates (FOTTER 1998). When this is observed, the
examination should be discontinued, especially if
barium is being used, as filling of the more proxi-
mal dilated bowel beyond the transition zone may
lead to impaction. The transition zone may, how-
ever, be difficult to see in newborns. In such cases,
the rectosigmoid index may be useful (SIEGEL et al.
1981). Normally, the rectum is 20%-40% larger than
the sigmoid in diameter. In Hirschsprung’s disease,
this ratio may equilibrate or reverse. The pathologic
transition zone is usually somewhat more proximal
than the radiographic one (JAMIESON et al. 2004).
Abnormal contractions and irregular peristaltic
activity of the aganglionic portion of the colon may
be a useful indicator of the disease, occurring in
about 20% of infants, and should not suggest muco-
sal ulceration. Retention of contrast medium at
24 h with colonic distension may be a helpful sign,
but is nonspecific, as it can be observed in 60% of
patients without Hirschsprung’s disease. On the
other hand, good evacuation does not rule out the
disease (ROSENFIELD et al. 1984).

The radiologic diagnosis of total colonic agangli-
onosis is much more difficult. Findings may include
normal barium enema, short colon of normal cali-
ber, microcolon, rounding of the colonic flexures, or
transition zone in the ileum (Fig. 1.32). Clinical sus-
picion should be heightened in patients presenting
with clear signs and symptoms of distal obstruction,
in whom the contrast enema does not demonstrate a
specific cause (Havakawa et al. 2003). Histological
confirmation is obtained by means of rectal biopsy
(SoLARI et al. 2003).

Enterocolitisis the major cause of death in patients
with Hirschsprung’s disease, with a mortality rate
as high as 30%. The patients may present with diar-
rhoea, hypovolemia and prostration. Enterocolitis
of Hirschsprung’s disease can be diagnosed on plain
radiograph by the irregular contour of the dilated
colonic wall caused by the edema, spasm, and ulcer-
ation of the intestinal wall. Patients who present
with perforation typically do not have enterocolitis.
Enema is contraindicated in patients with suspected
enterocolitis because of the possibility of perfora-
tion (VIETEN and SPICER 2004).

Functional immaturity of the colon is a common
cause of neonatal obstruction, particularly in pre-
mature infants and in those whose mothers were
treated during labor with magnesium preparation
or high doses of opiates or other sedatives. The con-
dition has also been encountered in children of dia-
betic mothers, or children with septicemia, hypo-
thyroidism, or hypoglycemia (CoHEN 2003). The
term includes meconium plug syndrome and small
left colon syndrome. Both entities are associated
with dysmotility of the colon. The etiology remains
unclear, although they are thought to be associated
with immature myenteric plexus ganglia (BURGE
and DREWETT 2004). These infants have difficulty
in initiating evacuation, abdominal distension, and
sometimes vomiting, but, in general, bowel disten-
sion usually is less severe than in organic obstruc-
tion. The condition is both diagnosed and treated
with contrast material enemas (DE BACKER et al.
1999).

In cases of meconium plug syndrome the meco-
nium forms a long, thick, snake-like plug, which
obstructs the colon. The contrast enema reveals a
large meconium plug as a translucent filling defect
surrounded by opaque material filling the rectosig-
moid, often extending into the descending colon
(Fig. 1.33). The contrast medium will sometimes
stream around the plug to give a double contrast
appearance, with the contrast-lined colonic walls
showing up against the negative filling defect of the
plug. The large plug is usually evacuated during
or soon after the enema examination (LOENING-
BauckE and KiMURA 1999). Typically, following the
enema there is clinical improvement, and over the
course of hours to days, radiographic and clinical
signs of obstruction subside. The only problem is
that a few cases of meconium ileus and a few cases of
Hirschsprung’s disease may be incorrectly lumped
into this group. Then, if the difficultyis not promptly
and completely cured a sweat test for cystic fibrosis
and further observation for Hirschsprung’s dis-
ease should be carried out (LEQUESNE and REILLY
1975).

The clinical presentation of patients with small
left colon syndrome is very similar to that of patients
with meconium plug syndrome. Air-fluid levels are
often absent in the upright film, particularly prior
to 48 h of life. “Soap bubble” meconium is typi-
cally seen in the collapsed left colon on the plain
film, and the distended bowel tends to be less than
that seen in atresias. The contrast enema reveals
a normal or slightly dilated colon and rectum but
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Fig. 1.30a-e. Hirschsprung disease. Supine (a),
upright (b) and lateral (c) plain radiographs
show distension of the bowel corresponding to
a low obstruction, with air-fluid levels in the
upright film and absence of gas in the rectum
in the lateral film. d,e Contrast enema shows a
distended colon and an obvious zone of tran-

sition (arrows) in the rectosigmoid junction.
The caliber of the rectum is very small
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Fig. 1.31a,b. Hirschsprung dis-
ease. a Contrast enema shows a
distended colon and a small rec-
tum and portion of the colon.
The rectosigmoid index is abnor-
mal. b Intraoperative photograph
demonstrates the transition zone
(arrows) with the shape of an in-
verted cone

Fig. 1.32a-d. Total colonic agan-
glionosis. aPlain radiograph of
the abdomen demonstrates low
obstruction. b,c Anteroposterior
and lateral views during contrast
enema show the shortened colon
compared with the normal redun-
dancy of the neonatal colon, with
the flexures pulled down and a
normal rectosigmoid index. dIn-
traoperative photograph shows
dilated bowel loops with the tran-
sition zone at the distal ileum
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the left colon up to the splenic flexure is very small,
resembling a microcolon (Fig. 1.34). The amount
of meconium present in the colon is variable, and
discrete plugs of meconium at the point of transi-
tion may or may not be seen (HajrvassiLiou 2003).
Typically, after the enema, there is clinical improve-
ment, and over the course of hours to days radio-
graphic and clinical signs of obstruction resolve.
The only important differential diagnosis in babies
with these findings is Hirschsprung’s disease with
a transition zone at the splenic flexure. There are

woajshs
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several findings that can be helpful. The distal rec-
tosigmoid colon is of normal caliber and larger than
theleft colon, the proximal colon is less dilated than
in Hirschsprung’s disease and the transition zone of
small left colon syndrome tends to be quite abrupt,
whereas in Hirschsprung’s disease it tends to be
cone-shaped and gradual. However, the distinction
between both entities is not always possible on the
basis of radiological findings and a rectal biopsy
must then be performed (AmopIo et al. 1986; DE
BACKER et al. 1999).

Fig.1.33a-d. Meconium plug syn-
drome. Anteroposterior (a) and lateral
(b) plain radiographs show distension
of bowel loop consistent with low ob-
struction. ¢ Isosmolar water-soluble
contrast enema, lateral view outlines
the characteristic long filling defect
(arrows) within the colon. d Clinical
image of a meconium plug surgically
obtained in a patient in whom several
attempts to conservatively solve the
obstruction failed
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Fig. 1.34. Small left colon syndrome. Isosmolar wa-
ter-soluble contrast enema in a newborn with low
obstruction demonstrates a normal rectum and dis-
tal rectosigmoid and a relatively narrow proximal
sigmoid and descending colon with a transition to
amore dilated colon at the splenic flexure. In 1 week
radiographic and clinical signs of obstruction re-
solved

1.1.2
Necrotizing Enterocolitis

Necrotizing enterocolitis (NEC) is the leading gas-
trointestinal emergency of the premature infant. In
many cases, it happens in apparently healthy prema-
ture infants who have no other medical problems.
Although it affects mostly premature infants, 10% of
affected infants are born at term. Its incidence varies
between 0.3 and 2.4 infants/1000 births and between
3.9% and 22.4% amongst infants of less than 1500 g.
Males and females are equally affected.
Mostinfants develop NEC within the first 2 weeks
of life (KrRAsNA et al. 1996). Its precise cause remains
unclear, but it is thought that factors such as isch-
emia, decreased mucus production, and diminished
immune response of the premature infant may lead
to invasion of the intestinal mucosa by intestinal
flora resulting in air entering the submucosa and
mucosa. Some experimental work suggests that
translocation of intestinal flora across an incompe-
tent mucosa may play a role in spreading the dis-
ease and systemic involvement. Such a mechanism

would account for the apparent protection breast-
fed infants have against fulminant NEC (HoRTON
2005). The terminal ileum and the proximal colon
are most commonly affected, though any portion of
the intestines may be involved.

The clinical signs are nonspecific and consist
of feeding intolerance, increased gastric retention,
vomiting, abdominal distension, and the presence
of blood in the stools.

The mainstay of diagnostic imaging is abdominal
radiography. Because of the possibility of perfora-
tion of the necrotic bowel, the supine film should be
supplemented with a cross-table lateral or left-lat-
eral decubitus radiograph. The radiograph findings
of NEC are nonspecific, especially in early stages.
Diffuse nonspecific gaseous distension and thick-
ened bowel walls (suggesting edema/inflammation)
is the most common pattern (FOTTER and SORANTIN
1994; KrasNa et al. 1996) (Fig. 1.35). An asymmet-
ric bowel air pattern or distension localized to focal
loops only may also be seen. Radiographs can some-
times reveal scarce or absent intestinal air, which
is more worrisome than diffuse distension that
changes over time. But the pathognomonic find-
ing of NEC is pneumatosis intestinalis, consisting
of submucosal or subserosal air (BuoNnomo 1999).
Pneumatosis intestinalis appears as a characteristic
train-track lucency configuration within the bowel
wall and may be linear or cystic (Figs.1.36 and
1.37). The cystic collections are usually subsero-
sal, whereas the linear form is usually submucosal.
Pneumatosis intestinalis is due to the production
of small bubbles of hydrogen by bacteria within the
intestinal wall (ALBANESE and RowE 1998). Intra-
mural air bubbles may also represent extravasated
air from within the intestinal lumen. These changes
might not be detectable on digitalized images due to
the suboptimal resolution, and a printed X-ray film
is often necessary (MORRISON and JACOBSON 1994).
Serial radiographs help assess disease progression.

Abdominal free air is ominous and usually
requires emergency surgical intervention (Fig. 1.38).
The presence of abdominal free air can be difficult to
discern on a flat radiograph, which is why decubitus
radiographs are recommended at every evaluation.
The football sign is characteristic of intraperitoneal
air on a flat plate and manifests as a subtle oblong
lucency over the liver shadow. It represents the air
bubble that has risen to the most anterior aspect of
the abdomen in a baby lying in a supine position
and can be demonstrated by left lateral decubitus
imaging (BuoNnomo 1999). Although free air in the
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Fig. 1.35a,b. Necrotizing enterocolitis. a Photograph
of a 3-week-old premature neonate showing important
abdominal distension. b Plain abdominal radiograph
shows diffuse nonspecific gaseous distension of the
bowel loops

Fig. 1.36a-c. Pneumatosis intestinalis in a 1-week-old
infant. Anteroposterior (a) and lateral (b) plain radio-
graphs show small and large bowel loops sharply out-
lined by collections of gas in bowel wall. Most of these
collections of gas are linear, indicating a submucosal
location. ¢ Surgical image of the same patient demon-
strates diffuse bowel necrosis
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Fig. 1.37. Pneumatosis intestinalis in 12-day-old in-
fant. Abdominal radiograph demonstrates increase
in the amount of gas in the small bowel. Pneuma-
tosis intestinalis is identified as cystic lucencies in
the right upper and lower quadrant. These cystic
lucencies are usually subserosal

abdominal cavity confirms it, bowel wall perfora-
tion might be present in the absence of free air in
one third of the cases.

Another pathognomonic sign of NEC is portal
vein air. Portal vein air is more frequent and less
ominous than was previously thought. It is seen as
finely branching radiolucencies extending from the
porta hepatis to the periphery of the liver (FOTTER
and SORANTIN 1994) (Fig. 1.39). Ascites is a late find-
ing that usually develops some time after perfora-
tion when peritonitis is present. Ascites is observed
on an AP radiograph as centralized bowel loops that
appear to be floating on a background of density. It
is better observed on ultrasonography (ALBANESE
and ROwE 1998).

Abdominal ultrasonography is a relatively new
technology for evaluating suspected NEC in neo-
nates. Ultrasonography can be used to identify
areas of loculation and/or abscess consistent with a
walled-off perforation when patients with indolent
NEC have scarce air or a fixed area of radiographic
density. Ultrasonography is excellent for identify-
ing and quantifying ascites. Serial examinations
can be used to monitor the progression of ascites

Fig. 1.38. Pneumoperitoneum complicating necro-
tizing enterocolitis. Supine in a 1-month-old prema-
ture infant radiograph shows intramural gas in the
small bowel and free intraperitoneal air secondary
to bowel perforation. The central lucency and the
falciform ligament are observed

as a marker for the disease course. Portal air may
be demonstrated on ultrasound as bright, shifting
echogenic foci within the portal vein (MORRISON et
al. 2004) (Fig. 1.40). This finding has been termed
informally the “champagne sign” because of its
similar appearance to a champagne flute. Sonogra-
phy can also show thickened bowel loops, and bowel
air pneumatosis (Fig. 1.41). Recent data suggests
that Doppler study of the splanchnic arteries early
in the course of NEC can help distinguish develop-
ing NEC from benign feeding intolerance in a mildly
symptomatic baby. A markedly increased peak flow
velocity (> 1.00) of arterial blood flow in the celiac
and superior mesenteric arteries in early NEC has
been demonstrated (DEEG et al. 1993). Such a find-
ing at the presentation of symptoms can further aid
in diagnosis and therapy, potentially sparing those
individuals at low risk for NEC from unnecessary
interventions. Recently, color Doppler US has been
used to evaluate bowel wall perfusion. Early stages
of the disease show increase in color Doppler signals
in the bowel wall and mesentery, reflecting marked
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Fig. 1.39a,b. Portal vein
air. Plain radiographs.

a Air is observed within
the portal vein branches
complicating pneuma-
tosis intestinalis in a
3-week-old premature
infant. b Another pre-
mature infant with
pneumatosis intestinalis
and air within the portal
vein

Fig. 1.40a-c. Portal vein air. a,b Transverse sonograms of
the liver show multiple echogenic areas (arrows) corre-
sponding to air within the portal vein branches. ¢ Air is
also observed within the hepatic veins
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Fig. 1.41a,b. Necrotizing enterocolitis. a,b. Longitudinal US scans at the transverse colon show air bubbles (arrows) within

the colonic wall corresponding to pneumatosis intestinalis

Fig. 1.42a,b. Necrotizing enterocolitis. a Horizontal beam decu-
bitus radiograph that shows pneumoperitoneum (arrows) due
to bowel perforation in a premature infant. b Same patient. Con-
trast enema performed 6 months after surgery demonstrates a
solitary, short stricture at the transverse colon

hyperemia due to vasodilatation. Absence of blood
flow in the bowel wall reflecting absence of perfu-
sion to the involved loop, has been correlated with
necrotic bowel (FAINGOLD et al. 2005).

NEC mortality ranges from 9% to 28% and is due
to refractory shock, disseminated intra-vascular
coagulation, multiple organ failure, intestinal per-
foration, sepsis, extensive bowel necrosis, and com-
plication of short bowel syndrome. Proper selection
of patients for medical versus surgical managements
has resulted in significant improvement in survival
of infants with NEC. The only universally accepted
indication for surgery is the presence of perforation,
which may manifest as pneumoperitoneum or free
fluid in the peritoneal cavity. Unfortunately, only

50%-75% with perforation have free air detectable on
decubitus or horizontal beam radiographs. The pres-
ence of intraperitoneal fluid at US, particularly if it
is complex or echogenic, is suggestive of perforation
(MILLER et al. 1993). About 20% of patients treated
medically or surgically develop one or multiple stric-
tures, at previously affected sites, especially in the
large bowel. The strictures may be asymptomatic but
also may cause bowel obstruction several weeks or
months after the episode of NEC (HOEMAN et al. 2004;
PierrO and Harr 2003) (Fig. 1.42). Strictures may
develop even in patients whose NEC was not severe.
Therefore, any patient with symptoms of obstruction
after completion of treatment for necrotizing entero-
colitis should undergo a contrast enema.
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1.1.3
Pneumoperitoneum

Pneumoperitoneum or free intraperitoneal air in the
neonatal period is usually the result of a hollow vis-
cous perforation. In healthy neonates, the perforation
is usually iatrogenic, secondary to the insertion of a
tube or a rectal thermometer (Fig. 1.43). Necrotiz-

. BB

ing enterocolitis is the most common cause of pneu-
moperitoneum in the neonatal intensive care unit.
Intestinal atresia is also an important cause, the per-
foration usually occurring in the dilated loops above
the atresia. Ruptured or perforated Meckel, sigmoid,
and jejunal diverticula, toxic megacolon, and idio-
pathic gastric perforation in premature infants are
also common causes of pneumoperitoneum in the

Fig. 1.43a-d. Pneumoperitoneum. a Massive pneumoperitoneum complicating the insertion of a
rectal tube. b Pneumoperitoneum (arrows) in a newborn with ileal atresia. ¢ Massive pneumo-
thorax, pneumomediastinum and pneumoperitoneum (arrows) in a patient that had been sup-
ported by mechanical ventilation. d Neonate with abdominal distension following the insertion
of a rectal thermometer. A supine radiograph shows a lucency occupying the entire abdominal

cavity (arrows) and the falciform ligament outlined by air
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neonatal period. At times, free intraperitoneal air
may be seen in neonates supported by mechanical
ventilation. It occurs following a pathway through
the normal diaphragmatic foramina. There is no per-
foration of the gastrointestinal tract in these cases.

1.2
Gastrointestinal Emergencies in the Infant
and Young Child

Acute abdominal pain is a common complaint in
the pediatric age group. A total of 10% of school-age
children have recurrent abdominal pain and in only
10% of these children can etiology be detected. The
majority of these children have self-limited disease.
The most common associated conditions include
upper respiratory tract infection, pharyngitis,
viral syndrome, gastroenteritis, and constipation
(HENDERSON et al. 1992). Therefore, it is uncom-
mon for the underlying condition in these children
to require surgical intervention.

Acute abdomen is defined as a severe abdominal
pain that starts suddenly, so that the possibility of
immediate surgery must be considered. The causes
of the acute abdomen in children vary depending
on the ages of the children and can be divided into
diseases that can be treated with medical care and
those in which emergency surgical intervention may
be necessary.

The most frequent surgically treated causes of
acute abdomen are appendicitis, intussusception,
adhesions causing bowel obstruction, incarcerated
hernia, midgut volvulus and complicated Meckel’s
diverticulum. Non-surgically treated conditions
frequently have a digestive origin including gastro-
enteritis, severe constipation, mesenteric lymph-
adenitis, ileocecitis, Schonlein-Henoch purpura,
inflammatory bowel disease, or paralytic ileus.

Furthermore, a large-scale of intraabdominal or
extraabdominal disorders can cause acute abdomi-
nal pain. Intraabdominal causes may have a geni-
tourinary (urinary tract infection, ovarian torsion)
or biliopancreatic origin (colecistitis, pancreatitis,
etc.). Extraabdominal causes include abdominal
pain referred from non-abdominal organs (pneu-
monia, discitis) and abdominal pain related to a
systemic disease, such as diabetic acidosis, hypothy-
roidism, lead metals poisoning, sickle cell anemia,
and porphyria. Fortunately, these different causes

differ with the age group, thus simplifying the dif-
ferential diagnosis (Table 1.1).

The role of diagnostic imaging is to determine
whether the acute abdominal pain is due to a surgi-
cally or medically treated disease and, if possible,
to diagnose the exact nature of the ailment. Since

Table 1.1. Causes of acute abdomen in children

Abdominal
® Gastrointestinal
Surgical
Appendicitis
Intussusception
Small Bowel Obstruction
- Adhesions
- Incarcerated hernia
- Volvulus Strangulation
Meckel’s Diverticulum
Nonsurgical
Gastroenteritis
Ileocecitis
Crohn’s disease
Schénlein-Henoch purpura
Mesenteric adenitis
Primary fat epiploic lesions
Peritonitis
Constipation
Paralytic ileus
@ Genitourinary
Urinary tract infection
Lithiasis
Pelviureteric junction obstruction
Ovarian cyst
Ovarian torsion
Hydrometrocolpos
@ Biliopancreatic
Cholecystitis
Lithiasis
Choledochal cyst
Pancreatitis
Extraabdominal
® Referred
Thorax: pneumonia, effusion
Musculoskeletal: discitis
® Systemic
Endocrinologic disorders (diabetes, hypothyroidism)
Porphyry

Note: Entities that at their natural evolution usually require
surgery are listed under “Surgical” causes. This list is not
complete
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intussusception or appendicitis are the main sur-
gically treated causes to keep in mind, imaging
tests should be directed to rule out intussusception
in infants and young children and appendicitis in
older children. Plain abdominal radiographs have
historically been used as the initial imaging exami-
nation in children with acute abdominal pain of
equivocal etiology but they are usually unhelpful in
establishing the cause of the acute abdominal pain
as an isolated symptom. The traditional indications
for plain abdominal radiography - bowel obstruc-
tion, pneumoperitoneum, and the search of ureteral
calculi - have been questioned by cross-sectional
imaging (MARINCEK 2002). However, in many cen-
ters plain radiographs serve as the initial radiologi-
cal approach. The presence of an appendicolith in
the right iliac fossa supports the diagnosis of acute
appendicitis. If the abdominal pain is accompanied
by vomiting, or if there is any clinical suspicion of
bowel obstruction or perforation, a supine plain film
of the abdomen can be useful, with an additional
decubitus or upright view to exclude perforation
where indicated. If an abdominal pain is accom-
panied by fever, a chest radiograph should also be
obtained, as pneumonia is a well-recognized cause
of abdominal pain (HAYES 2004).

The principal imaging technique used for evalu-
ating acute abdominal pain in children is sonog-
raphy. In the majority of cases, an ultrasound can
provide a specific diagnosis, whereas in others valu-
able supplemental information can be obtained. It is
widely available and relatively inexpensive. It does
not involve the use of ionizing radiation, which is a
major advantage in pediatric practice; however, US
of the gastrointestinal tract requires experience and
patience. CT will be reserved for selected patients
when further information is needed. Magnetic res-
onance (MR) imaging is seldom required as a pri-
mary imaging technique but supplements CT and
ultrasound in select cases (jaundice, malignancy)
(CARTY 2002). The use of MR imaging is increasing
on an emergency or semi-emergency basis in some
instances including anomaly of the internal genita-
lia, ovarian torsion, and congenital biliary dilata-
tion (NosAKA 2000; CARTY 2002).

1.2.1
Intussusception

Intussusception is one of the most common causes
of acute abdomen in infancy. Intussusception occurs

when a portion of the digestive tract becomes tele-
scoped into the adjacent bowel segment. This con-
dition usually occurs in children between 3 months
and 2 years of age. In almost all cases intussuscep-
tions are idiopathic, that is, they do not have a dem-
onstrated anatomic abnormality that functions as a
lead point except for hypertrophied lymphoid tissue.
The vast majority of childhood cases of intussuscep-
tion are ileocolic. In the past, intussusception was a
severe condition with high morbidity and mortality
rates. Today, prompt diagnosis and effective non-
surgical reduction lead to a favorable outcome in
most cases.

1.2.11
Diagnosis

The classic clinical presentation is characterized by
acute (colic) abdominal pain with drawing up of
the legs, currant-jelly stools or hematochezia, and
a palpable abdominal mass. These findings, how-
ever, are present in less than 50% of children with
intussusception (DANEMAN and ALTON 1996). The
onset of nonspecific abdominal symptoms in which
vomitus predominates, the absence of passage of
blood via the rectum (usually in cases of less than
48 h duration), and the inability to obtain a reli-
able clinical history may lead to dismissal of the
diagnosis of intussusception in some cases. In some
instances lethargy or convulsion is the predominant
sign or symptom, this situation resulting in con-
sideration of a neurologic disorder. Some cases in
which the diagnosis is considerably delayed mani-
fest as shock of unknown origin due to the progres-
sion of the disease to mechanical obstruction caus-
ing vascular comprise and bowel infarction. On the
other hand, less than 50% of children with clinical
findings suggestive of intussusception are shown to
have this condition (DEL Pozo et al. 1999). There-
fore, it is desirable to use diagnostic tools that are
as innocuous as possible to avoid potential harm to
these children, diminish any adverse effects on the
actual diseases, and to lessen the discomfort of the
children who are not shown to have intussusception.
To this end, the traditional diagnostic approach to
childhood intussusception of plain radiography and
enema examination has been changed to plain radi-
ography and US at most institutions, keeping the
enema for therapeutic purposes.

Many plain radiographic signs of intussuscep-
tion have been described. The most common is a
soft-tissue mass, which is most often seen in the
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right upper quadrant effacing the adjacent hepatic
contour. Other signs include reduced air in the
small intestine or a gasless abdomen, air in a dis-
placed appendix, and obstruction of the small bowel
(GILSANZ 1984; SARGENT et al. 1994). The most spe-
cific plain radiographic findings are the “target
sign” and “meniscus sign”. The “target sign” con-
sists of a soft-tissue mass that contains concentric
circular or nearly circular areas of lucency, which
are due to the mesenteric fat of the intussusceptum.
The mass is most often seen in the upper right quad-
rant projecting over the right kidney (RATCLIFFE et
al. 1992) (Fig. 1.44). The “meniscus sign” consists of
a crescent of gas within the colonic lumen that out-
lines the apex of the intussusception (the intussus-
ceptum) (Fig. 1.45). Conversely, identification of a
cecum filled with air or feces in the normal location
is the finding that allows exclusion of intussuscep-
tion with the most confidence (SARGENT et al. 1994).
However, plain abdominal radiography is normal
in 40%-50% (SARGENT et al. 1994; MERADJI et al.
1994). Therefore, several authors do not recommend
plain radiography if there is high clinical suspicion
of intussusception (VERSCHELDEN et al. 1992), espe-
cially when the symptoms are of short duration. In
such cases, US should be the initial imaging proce-
dure (Woo et al. 1992; DANEMAN and ALTON 1996;
RIEBEL et al. 1993).

US has a high sensitivity for the diagnosis of
intussusception (98%-100%) (PRACROS et al. 1987;

RIEBEL et al. 1993; WANG and Liu 1988). Because
deep penetration of the ultrasound beam is not
necessary in small children, a high-resolution
transducer (5-10 MHz) can be used to improve
the definition of the image. The majority of intus-
susceptions (i.e. the ileocolic type) occur in the

Fig.1.45. Meniscus sign. Plain radiograph
shows the meniscus sign: a rounded soft-tissue
mass (the intussusceptum) protruding into the
gas-filled transverse colon (arrow) [From DEL
Pozo (1999)]

Fig. 1.44a,b. Target sign. a,b Two different patients. Plain radiographs show a round soft-tissue
mass in the right upper quadrant (arrows). The masses contain a ring-like area of lucency [From
DEL Pozo (1999)]




38

T. Berrocal and G. del Pozo

subhepatic region. The intussusception mass is a
large structure, usually greater than 5x 2.5 cm, that
often displaces adjacent bowel loops. Early studies
of the US appearance of intussusception reported a
doughnut or pseudokidney appearance composed
of a hypoechoic outer ring and a hyperechoic center
(SwiscHUCK et al. 1985). This appearance is similar
to the US findings in other pathologic conditions of
the gastrointestinal tract that cause thickening of
the bowel wall. Appearances that are characteristic
of intussusception include the “multiple concentric
ring” sign (HoLt and SAMUEL 1978) and “crescent-
in-doughnut” sign (DEL Pozo et al. 1996a) on axial
scans, and the “sandwich” sign (PRACRoOS et al. 1987;
MonNTALI et al. 1983) and “hayfork” sign (ALESSI
and SALERNO 1985) on longitudinal scans. In US of
intussusception, the terms axial and longitudinal
refer to the axis of the intussusception.

An intussusception is a complex structure
(Fig. 1.46). The intussuscipiens (the receiving loop)
contains the folded intussusceptum (the donor
loop), which has two components: the entering
limb and returning limb. The attached mesentery is

3

Fig. 1.46. Structure of an intussusception. Diagram shows a
longitudinal view and three axial views of an intussuscep-
tion; three bowel loops and the mesentery can be seen. The
intussuscipiens (A) contains the two limbs of the intussus-
ceptum: the everted returning limb (B), which is edematous,
and the central entering limb (C), which is located at the
center of the intussusception with the accompanying mes-
entery (M). The mesentery contains some lymph nodes (L).
MS, contacting mucosal surfaces of the intussuscipiens and
everted limb; S, contacting serosal surfaces of the everted
limb and central limb. [From pEL Pozo (1999)]

dragged between the entering and returning limbs.
The thickest component of the intussusceptum is
the everted returning limb, which, together with the
thin intussuscipiens, forms the hypoechoic outer
ring seen on axial scans. The center of the intus-
susception contains the central or entering limb,
which is of normal thickness and is eccentrically
surrounded by the hyperechoic mesentery.

On axial US scans, intussusception has a variable
appearance, which is primarily due to the amount
of enclosed mesentery. Enclosed mesentery is absent
at the apex of the intussusception and progressively
increases toward the base (Figs.1.46 and 1.47).
Conversely, the everted limb of the intussuscep-
tum is thicker at the apex than at the base. There-
fore, an axial US scan obtained at the apex shows

&

Fig. 1.47a,b. Correlation of sonographic and pathologic find-
ings in intussusceptions in pigs. a Axial US scan; b corre-
sponding pathologic specimen. Axial sections at the base
show a doughnut sign with a peripheral hypoechoic ring
(formed by the everted limb of the intussusceptum and the
intussuscipiens) and a hyperechoic crescent shaped center
due to the mesentery enclosing the hypoechoic central limb
of intussusceptum (crescent-in-doughnut sign). A, intussus-
cipiens; B, everted limb of intussusceptum; C, central limb of
intussusceptum; M, mesentery [From DEL Pozo (1996a)
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a hypoechoic outer ring with a hypoechoic center.
In some instances, multiple concentric rings can be
seen near the apex. As the axial US study proceeds
toward the base, the appearance changes gradually
as increasing amounts of mesentery are included in
the image. At the base, the amount of enclosed mes-
entery is maximal; the result is a hypoechoic outer
ring with a hyperechoic, crescentic center (the cres-
cent-in-doughnut sign) (Fig. 1.48).

On longitudinal US scans, it is the arrange-
ment of the mesentery that causes variation in the
appearance. If the middle of the intussusception is
imaged along the longitudinal axis, three parallel
hypoechoic bands separated by two nearly parallel
hyperechoic bands are seen. The outer hypoechoic
bands represent the edematous everted limb of the
intussusceptum and the thin intussuscipiens; the
central hypoechoic band is the central limb of the
intussusceptum. The hyperechoic bands are caused
by the mesentery that is dragged along with the
bowel loop. This appearance is known as the sand-
wich sign (Fig. 1.49a). The hayfork sign is a variant
of the sandwich sign that is seen at the apex of the
intussusception. The pseudokidney sign occurs if
the intussusception is curved or is imaged obliquely
and the mesentery (at the point of maximal thick-
ness) is demonstrated on only one side of the cen-
tral limb of the intussusceptum (Fig. 1.49b). The
hyperechoic mesentery often contains hypoechoic
areas that correspond to lymph nodes, the cecoap-
pendiceal complex, or vessels (DEL Pozo et al. 1999)
(Fig. 1.50).

The presence of trapped peritoneal fluid within
an intussusception correlates significantly with
ischemia and irreducibility (DEL Pozo et al. 1996b).
Such fluid, which reflects vascular compromise of the
everted limb, accumulates between the serosal layers
of both limbs of the intussusceptum. The mesentery
acts as a wedge and impedes the exit of fluid into the
peritoneal cavity (Fig. 1.51). On axial US scans, this
complication appears as the double-crescent-in-
doughnut sign. In addition to the usual crescent-in-
doughnut appearance, there is an anechoic crescent
that represents the trapped ascites (Fig. 1.51). Con-
versely, small amounts of free peritoneal fluid are
seen in up to 50% of cases. The presence of this find-
ing alone has not been definitely related to ischemia
or an increased risk of perforation (SwiscHUK and
STANSBERRY 1991). The absence of blood flow within
the intussusception on Doppler US correlates with
irreducibility but not definitely with bowel necro-
sis (KonG et al. 1997). The presence of blood flow at
Doppler US suggests that the intussusception would
be reduced (Fig. 1.52).

Most childhood cases of intussusception are
idiopathic. Intussusception lead points such as a
Meckel diverticulum, duplication cyst, polyp, or
tumor (e.g. lymphoma) are uncommon in infants
(<5% of cases). Intussusception lead points are
more common in neonates, older children (> 5 years
old), and cases restricted to the small intestine. For
example, intussusception of the small intestine is
common in Peutz-Jeghers syndrome, Schonlein-
Henoch purpura, and after surgery. US allows

Fig. 1.48a,b. The crescent-in-doughnut sign. Axial US scans obtained at the middle (apex proximal regions) (a) and at the
base (b) of an intussusception, show the central limb of the intussusceptum (C) eccentrically surrounded by the hyperechoic
mesentery (M), a situation that produces the crescent-in-doughnut sign [From DEL Pozo (1999)]
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Fig. 1.49a,b. Intussusception on longitudinal US scans. Variable appearance of intussusception on longitudinal US scans
depending on which side of the central limb of the intussusceptum the mesentery is imaged. It may be depicted at one
side (pseudo-kidney) or at both sides (sandwich). a US scan obtained in the strict longitudinal plane of an intussusception
slightly away from the apex shows the sandwich sign. The outer hypoechoic bands (arrows) represent the everted limb of
the intussusceptum beside the intussuscipiens. The two hyperechoic bands represent the mesentery. The central hypoechoic
band represents the central limb of the intussusceptum. b US scan shows the pseudokidney sign. The mesentery is demon-
strated on one side of the central limb of the intussusceptum. C, central limb of the intussusceptum; M, mesentery [From

DEL Pozo (1999)]

Fig. 1.50. Intussusception with lymph nodes (variant of the
mesenteric crescent). Axial image at the base of the intus-
susception. The crescent-in-doughnut contains round mes-
enteric lymph nodes (L). C, the entering limb of the intus-
susceptum [From DEL Pozo (1999)]

better detection and characterization of lead points
than a contrast enema study (MILLER et al. 1995;
NAVARRO and DANEMAN 2004b). Transient small-
bowel intussusceptions that may reduce spontane-
ously are not infrequently identified on US or on CT
studies (NAVARRO and DANEMAN 2004a; STROUSE
et al. 2003).

Barium enema examination has been the stan-
dard of reference for the diagnosis of intussuscep-
tion for many years. The classic signs of intussus-
ception at enema examination are the “meniscus”
sign and “coiled spring” sign. The “meniscus” sign
at enema examination is analogous to the “menis-
cus” sign at plain radiography and is produced by
the rounded apex of the intussusceptum protruding
into the column of contrast material. The “coiled
spring” sign is produced when the edematous muco-
sal folds of the returning limb of the intussusceptum
are outlined by contrast material in the lumen of the
colon (Fig. 1.53).
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Fig. 1.51a,b. Intussusception with trapped peritoneal fluid. a Schematic representation of an intussusception with the pres-
ence of fluid. Sagittal and axial images were obtained at different levels. Fluid collects between the serosal layers of both
limbs of the intussusceptum; the returning limb is everted and compromised. The mesentery acts as a wedge which makes
the exit of fluid into the peritoneum difficult. Dilatation at the apex of the intussusceptum, probably secondary to ischemia
and to the increase in trapped fluid, occurs mainly at the antimesenteric border. This fact results in the asymmetric dispo-
sition of the area of fluid, which explains the appearance on axial US images. I, crescent-in-doughnut sign with additional
anechoic crescent; 2, everted intussusceptum filled with peritoneal fluid; A, intususcipiens; B, returning limb of the intus-
susceptum; C, entering limb of the intussusceptum; M, mesentery. The black areas represent fluid in the intussusception.
b US scan of an intussusception with trapped peritoneal fluid. Axial US scan shows the double crescent-in-doughnut sign
(arrows). There is the crescent-in-doughnut sign with an additional echo-free crescent that represents the trapped fluid (F).
M, mesentery [From DEL Pozo (1996b)]

Fig. 1.52. Intussusception. Duplex Doppler sono-
graphy. Color Doppler indicates wall vascularity.
High resistive index is observed in the vessels
within the intussusception. This intussusception
could be reduced
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Fig.1.53a-c. Barium enema. Meniscus
and coiled-spring signs. a Image from a
barium enema study shows the meniscus
sign in the contrast material-filled dis-
tal colon. b Image from a barium enema
study performed after partial reduction
of the intussusception shows the coiled
spring sign. Contrast material outlines the
facing mucosal surfaces of the intussus-
cipiens and the intussusceptum. ¢ Image
from a barium enema study performed
after complete reduction of the intussus-
ception shows barium flowing freely into

1.2.1.2
Treatment

Although there are reports of spontaneous reduction
of intussusception (SWISCHUCK et al. 1994; NAVARRO
and DANEMAN 2004a), chronic and recurrent intus-
susceptions, and rare cases of spontaneous slough-
ing of the gangrenous intussusceptum through
the rectum (RaviTcH 1986), the usual course of
an untreated intussusception is bowel obstruction
followed by bowel perforation with peritonitis and
septic shock. Currently, the overall perforation rate
in developed countries is low (0%-3%).

Enema reduction is the standard non-operative
method of treatment of intussusception. This may
be guided with fluoroscopy when a barium, water-
soluble, or air enema is used. US guidance is used

the ileum [From DEL Pozo (1999)]

when therapy is performed with a saline, water, or
air enema. There is continuing discussion with-
out vast agreement about which type of enema is
the best for the reduction of intussusception. The
few randomized studies that have been performed
did not show statistically significant differences in
reduction and perforation rates between air and
liquid enemas (MEYER et al. 1993). The goal of any
type of enema therapy is to reduce the intussuscep-
tion by exerting pressure on the apex of the intus-
susceptum to push it from the pathologic position
back to the original position. The reduction and per-
foration rates for a specific type of enema therapy
are directly proportional to the pressure applied.
RavitcH (1986) found that the intracolonic pressure
achieved by placing the barium enema bag 3.5 ft
(105 cm) above the table did not reduce any intussus-
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ception in which the intestine was necrotic or incar-
cerated. Further studies found that a pressure that
did not exceed 120 mm Hg for hydrostatic enemas
and 108 mm Hg for air enemas did not perforate
the colon in animals (SHIELS et al. 1993). The pres-
sure can be controlled by measuring the height of
the bag containing the fluid for a hydrostatic enema
or using a manometer for an air enema. A pressure
of 120 mm Hg is equivalent to a 100-cm column of
barium or a 150-cm column of water or water-sol-
uble contrast material (Kuta and BENATOR 1990).
This theoretical pressure is reached during liquid
enema therapy only if the diameter of the tubing of
the system is sufficiently large to easily transmit the
pressure. In hydrostatic enema therapy, the use of
a rectal tube of large caliber may be more effective
in increasing the actual intracolonic pressure than
use of an increased column height (SCHMITZ-RODE
et al. 1991). According to some experimental stud-
ies, the likelihood of perforation is smaller with the
use of liquid compared to air enemas (ZAMBUTO et
al. 1995). There is no agreement on the number and
duration of reduction attempts, the efficacy of pre-
medication or sedation, the use of rectal tubes with
inflatable retention balloons, or the use of trans-
abdominal manipulation (MEYER 1992; KAtz and
KoLm 1992). This lack of agreement reflects the fact
that no large studies have demonstrated a definite
improvement in the reduction rate with any of these
factors. According to the classic “rule of threes” the
barium bag is suspended 3 ft above the examination
table and three attempts over a maximum of 3 min
are performed for reduction. This rule has been dis-
carded at some institutions, and some authors use a
nearly unlimited number of attempts. These authors
even use delayed attempts, that is, they repeat the
reduction attempt after the patient rests for up to
several hours. The aim is to improve the reduction
rate (GONZALEZ-SPINOLA et al. 1999). Use of US
guidance permits an even more liberal approach
to enema therapy due to the lack of radiation expo-
sure. Use of sedation had been thought to improve
the reduction rate. However, sedation prevents
the patient from performing the Valsalva maneu-
ver during straining. This maneuver improves the
effectiveness of enema therapy and protects against
perforation, particularly during air enema therapy
(BRAMSsON et al. 1997). In theory, use of a rectal tube
with a retention balloon creates a closed system that
transmits the effective pressure of the enema mate-
rial (liquid or air) without a loss of pressure. Use
of such a rectal tube could increase the speed and

effectiveness of enema therapy. However, this closed
system could block the spontaneous expulsion of
liquid or air when the pressure suddenly increases
(RoHRSCHNEIDER and TROGER 1995).

1.2.1.3
Types of Enema Therapies

Barium enema has been validated as an effective
therapy by extensive experience over a long period.
Atsomeinstitutions, it remains the therapy of choice.
However, there is a tendency to replace barium with
other contrast agents, primarily because of the
sequelae if perforation occurs during barium enema
therapy (BRaMsoN and BLICKMAN 1992; MEYER
1992). The advantages and disadvantages of barium
enema therapy are summarized in Table 1.2.

The use of water-soluble contrast agents in enema
therapy has been supported in North America
(SwiscHUK et al. 1994). The principal reason for
use of these agents is to avoid the chemical perito-
nitis caused by barium if perforation occurs. There
are few reports on the use of water-soluble contrast
media. The reduction rate (80%) and perforation
rate (3%) do not surpass those of other contrast
agents (SWISCHUK et al. 1994).

Air enema therapy was not used for a long time in
the Western Hemisphere but it has become popular
in some countries, chiefly in North America (Gu et
al. 1988; SHIELS et al. 1991; DANEMAN and NAVARRO
2004), after successful experiences in Argentina
and China (Guo et al. 1986) were reported. This
method is quick and clean with a high reduction rate
(73%-95%) and less radiation exposure than barium
enema therapy (Fig. 1.54). The decreased radiation
exposure is related to the shortened time required
to achieve reduction and the milder (in terms of
kilovolts and milliamperes) radiographic technique
used. The average dose to reduce an intussuscep-
tion by fluoroscopy is roughly estimated as 2567 mR
(HENRIKSON et al. 2003). Air enema therapy requires
precise control of the pressure and a thorough
knowledge of the technique and potential complica-
tions. Immediate paracentesis using a large-caliber
needle may be necessary if tension pneumoperito-
neum is produced secondary to perforation during
pneumatic reduction (Kirks 1994). The advantages
and disadvantages of air enema therapy are sum-
marized in Table 1.3. The most important studies of
US guidance of intussusception reduction have been
performed in the Eastern Hemisphere, where there
is extensive experience with the technique, and in
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Europe. The procedure is usually performed with
saline solution (Fig. 1.55). Studies have shown a high
reduction rate (76%-95%) with few complications,
results similar to those of other hydrostatic meth-
ods (WANG and Liu 1988; Woo et al. 1992; RIEBEL
et al. 1993; ROHRSCHNEIDER and TROGER 1995). The
principal advantage of this technique is the lack of
radiation exposure. As a result, there is no limit to
the procedure time, a fact that may improve the suc-
cess rate. US has a high accuracy and reliability for
monitoring the reduction process and for the visu-
alization of all components of the intussusception,

Table 1.2. Advantages and disadvantages of barium enema
therapy

Advantages

- Maximum experience with this method

- Good results with optimized method (55%-90% of cases)
- Good evaluation of ileoileal residual intussusceptions

— Low perforation rate (0.39%-0.7%)

Disadvantages

- X-ray exposure required, thus limiting procedure time
— Perforation causes chemical peritonitis

- Visualization of only intraluminal content

with easy recognition of pathologic lead points and
residual intussusception when they exist. The easi-
est way to initiate an US-guided enema service could
be to replace the contents of the barium bag with
saline or warm water. To easily visualize the reduc-
tion process, the procedure should start at low pres-
sures with the enema bag 60 cm above the table, and
slowly raising the height of the bag. If the apex of
the intussusception stops its retrograde course, the
bag is progressively elevated. The reduction process
can be easily monitored. If the apex of the intussus-
ception has not been visualized passing through the

Table 1.3. Advantages and disadvantages of air enema therapy

Advantages

- Excellent results (70%-95.6% of cases)

- Less X-ray exposure than with barium enema

- Easy, quick, clean technique

Disadvantages

- X-ray exposure required, thus limiting procedure time

- Higher perforation rate (0.14%-2.8%) with risk of tension
pneumoperitoneum

- Visualization of only intraluminal content

- Less control of residual ileoileal intussusceptions

Fig. 1.54a,b. Air enema therapy. a Image obtained at the beginning of an air enema study shows the menis-
cus sign and a mass in the middle of the upper abdomen. b Image obtained after complete reduction shows
gas passing freely into the small intestine [From pDEL Pozo (1999)]
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Fig. 1.55a-g. Reduction of an intussusception with sonographically-guid-
ed saline enema. a The fluid in the colon outlines the intussusceptum
in its initial location in the transverse colon. This is the sonographic
equivalent of the meniscus sign. The enema pushes the intussusceptum
into the ascending colon (b), to the ileo-cecal valve (c), and finally passing
through the valve (d). e,f Complete reduction is verified when multiple
bowel loops, including the terminal ileum are filled with fluid. The thick-
ened and collapsed terminal ileum must not be confused with a residual
intussusception. The ileo-cecal valve (arrows) appears thickened on the
longitudinal scan. g On the axial image, the collapsed ileum produces the
“mercedes-benz” sign seen: \9) [From pEL Pozo (1999)]
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ileocecal valve and you are not sure that the reduc-
tion has been achieved, an ultrasound examination
may be repeated some hours later (DEL Pozo 2005).
The advantages and disadvantages of US-guided
saline enema therapy are summarized in Table 1.4.

There has been little experience with US-guided
air enema therapy. This modality attempts to unite
the advantages of air enema therapy (quick and clean
method, high reduction rate) with those of US guid-
ance (no radiation exposure). Despite air preventing
or hindering passage of the ultrasound beam, ade-
quate visualization of the ileocecal valve and thus
detection of perforation with pneumoperitoneum
are possible and good results have been reported
(Gu et al. 2000; YooN et al. 2001). However, small
residual ileoileal intussusceptions can be obscured
by the presence of a large amount of intraluminal
air. Intraluminal air could also interfere with a sub-
sequent US study if one is required.

Definite contra-indications to enema therapy
are shock that is not readily corrected with intrave-
nous hydration, and an established perforation with
clinical signs of peritonitis. Criteria that are linked
to a lower reduction rate and a higher perforation
rate, especially if more than one is present, are as
follows: (a) patient age less than 3 months or greater
than 5 years; (b) long duration of symptoms, espe-
cially if greater than 48 h; (c) passage of blood via
the rectum (hematochezia); (d) significant dehy-
dration; (e) obstruction of the small intestine; and
(f) visualization of the dissection sign during enema
therapy (KATz et al. 1993). The dissection sign refers
to contrast material within the lumen of the intus-
suscipiens that “dissects” for a long distance over
the surface of the intussusceptum. Two indicators of
ischemia and irreducibility at US are fluid trapped
within the intussusception (DEL Pozo et al. 1996b)

Table 1.4. Advantages and disadvantages of US-guided
saline enema therapy

Advantages

- No X-ray exposure, thus procedure time not limited

- Excellent results (76%-95.5% of cases)

- Visualization of all components of the intussusception

- Easier recognition of lead points and residual
intussusceptions

- Low perforation rate (0.26%)
Disadvantages

- Less clean technique

and absence of blood flow at Doppler imaging (KoNG
et al. 1997). In cases with clinical or imaging high-
risk factors, a more cautious and gentle approach is
advisable during enema therapy.

In conclusion, plain radiography is of limited
value in the diagnosis of intussusception. US, an
accurate and safe modality, may also allow one to
detectlead points and identify alternative diagnoses.
Nonsurgical treatment of intussusception is possible
in most cases. There is a trend toward performing
enema therapy with agents other than barium (e.g.
air, saline solution, water-soluble agents) as other
agents will not stay in the peritoneal cavity if perfo-
ration occurs. In the absence of large, randomized
studies, the reported differences in reduction and
perforation rates are probably due more to complica-
tions that occurred before enema therapy, the pres-
sures exerted, and the patient selection criteria than
to the type of enema used. However, liquid agents
appear to cause fewer perforations. Use of US guid-
ance eliminates the disadvantage of radiation expo-
sure, thus allowing a greater number of attempts at
hydrostatic reduction.

1.2.2
Appendicitis

Acute appendicitis is the most common reason for
emergency abdominal surgery in children. Up to
98% of operations required for abdominal pain are
for suspected appendicitis.

Epidemiologic studies reveal that the lifetime
risk of appendicitis is 8.6% for males and 6.7% for
females. The lifetime risk of appendectomy is 12.0%
for males and 23.1% for females (ADDISss et al. 1990).
These data stress the social and economic impact of
appendicitis and the need to improve the diagnosis.
The pathogenesis of appendicitis is conditioned by
the specific “cul-de-sac” anatomy of the appendix
being prone to develop ectasia, fecalith formation,
obstruction and/or infection followed by ischemia,
necrosis and perforation (GRAY and ASHLEY 1986).

Diagnosis is based on clinical symptoms that
include periumbilical or right lower quadrant (RLQ)
pain, vomiting, nausea, fever and leucocytosis. Nev-
ertheless, more than 30% of cases of appendicitis
have atypical clinical presentations (LEwis et al.
1975), particularly in small children and in cases
of unusual appendiceal location (ROTHROCK et al.
1991; PooLE 1990). In addition, the presentation
signs and symptoms of many nonsurgical condi-
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tions may mimic those of acute appendicitis, and
most children with suspected appendicitis do not
have it. Cross-sectionals imaging have contributed
to a marked reduction of unnecessary laparoto-
mies and have decreased the complications caused
by a delayed or wrong diagnosis (OomMms et al. 1991;
KosLOSKE et al. 2004). Surgery is the treatment of
choice. Early surgical intervention in patients with
acute appendicitis prevents appendiceal perfora-
tion, which is associated with increased morbid-
ity and mortality compared with nonperforating
appendicitis. The most notable characteristic of
perforated appendicitis is the presence of an appen-
diceal disruption and/or pus or feces in the abdomi-
nal cavity (Ooms et al. 1991). Histological diagnosis
is divided into early, phlegmonous suppurative, and
gangrenous appendicitis depending on the grade
of the parietal polymorphonuclear infiltration and
necrosis (COTRAN et al. 1989).

1.2.2.1
Appendicitis Imaging

Plain abdominal radiographs have been used as
the first imaging technique in suspected appendi-
citis. However, its diagnostic accuracy is limited.
More than 50% of them are normal and when posi-
tive, radiological signs usually indicate perforation
(JounsoN and CoUuGHLIN 1989). This fact makes
abdominal plain radiography useless in the early
diagnosis of appendicitis and adds unnecessary cost
and radiation exposure. Appendicolith is the only
specific sign (10% of cases) of appendicitis. When
this finding is associated with abdominal pain, the
chance of having appendicitis is 90%, and at least
50% of them have perforated or gangrenous appen-
dicitis (HOLGERSEN and STANLEY-BROwN 1971)
(Fig. 1.56a).

US is a widely available and inexpensive modal-
ity with the potential for highly accurate imaging
in the patient suspected of having acute appendi-
citis. The utility of US lies primarily in children
with equivocal clinical findings, both to establish
the diagnosis of appendicitis and to aid in diagno-
sis of other abdominal and pelvic conditions that
may mimic appendicitis, particularly gynecologi-
cal diseases. In experienced hands, the inflamed
appendix can be demonstrated in 90% of patients
with appendicitis (PuUYLAERT 2001). High-resolu-
tion transducers (5 and 15 MHz), familiarity with
the RLQ anatomy, experience, and patience are
necessary. The graded compression US technique

described by Puylaert (PUYLAERT 1986) is helpful
in positioning the appendix into the most focused
area of the ultrasonographic beam and to displace
and compress bowelloops, butisnotalwaysrequired
in children. The peritoneal cavity is screened for
bowel pathology with five or six vertically orien-
tated, overlapping lanes using a broad-based probe.
PUYLAERT (2003) refers to this as “moving the
lawn.” The examination begins with identification
of the ascending colon, which appears as a non-
peristaltic structure containing gas and fluid. The
transducer is then moved inferiorly to identify the
terminal ileum, which is easily compressible and
displays active peristalsis. The cecal tip where the
appendix arises is approximately 1-2 cm below the
terminal ileum (S1viT 2001).

The normal appendix can be detected on US in
more than 80% of asymptomatic patients (Rroux
1992; WiERSMA et al. 2005). It may be identified as
a tubular, mobile and blind-ended structure, mea-
suring 6 mm or less in the anteroposterior diameter
(JEFFREY et al. 1988; VIGNAULT et al. 1990). As with
any intestinal bowel loop, five concentric layers that
are alternately hyperechoic and hypoechoic can
be identified corresponding from inner to outer:
hyperechoic mucosal surface, hypoechoic mucosa,
hyperechoic submucosa (due to vessels, connective
tissue and fat content), hypoechoic muscular, and
hyperechoic serosa sometimes in smooth continuity
with the hyperechoic periappendicular fat (KiMmMEY
et al. 1989) (Fig. 1.57). The most prominent layer of
the normal appendix in children is the hypoechoic
mucosa due to the follicular lymphoid tissue of the
mucosal lamina propria (SPEAR et al. 1992).

Several authors have reported a marked overlap
of diameters of normal and acutely inflamed appen-
dices measured on US in children. In 1997, HAHN
et al. found diameters of 6 mm or more in 79 (82%)
of 96 cases of histologically proven normal appen-
dices with lymphatic hyperplasia. They therefore
concluded that high diagnostic accuracy in chil-
dren can be achieved only by considering several
US criteria simultaneously, including appendiceal
compressibility, location of the point of tenderness,
presence of hyperechoic periappendiceal inflamed
fatty tissue, appendiceal shape, appendicoliths,
air in the appendiceal lumen, and blood flow in
the appendiceal wall detected on color Doppler US
(RETTENBACHER et al. 2001). Furthermore, the anal-
ysis of morphologic appendiceal changes may add
enough information to avoid the limitation of the
nonspecific numerical (6-mm diameter) criteria in
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the accurate diagnosis of appendicitis. Based on our
own experience (DEL Pozo et al. 1992) and appen-
diceal anatomic considerations (SPEAR et al. 1992;
PUYLAERT 1990; BORUSHOK et al. 1990), distinctive
axial US patterns have been organized (three/two/
one ring) to help in appendiceal identification and in
evaluating the involvement stage. Each of the three
rings closely correlates to one of the hyperechoic
anatomical layers, from inner to outer: mucosal
surface, submucosa, and serosa. Like a countdown,
the progressive loss of those rings leads to perfora-
tion (3 rings, 2 rings, 1 ring, perforation) (Fig. 1.58).

Fig. 1.56a-e. Obstructive appendicitis. a Plain abdominal radiograph
showing anappendicolith (arrow) indenting the cecal luminogram (C). b,c
Longitudinal and axial US show typical obstructive appendicitis produced
byanappendicolith (A) causing distal appendiceal dilatation (arrows). The
axialUSscanshowshowthepurulentluminalcontentexpandsthefivelayers
of the appendiceal wall producinga thin concentric rings pattern (arrows).
d Diagram showing the thin rings pattern. e Histologic specimen shows
a dilated appendix

The centrifugal loss of the hyperechoic appendiceal
layers (rings) and, outside the organ, the periap-
pendicular fat prominence, the irregularity of the
appendiceal contour, and the presence of collec-
tions or echogenic ascites, are linked to increasing
inflammation and necrosis.

In US examination, the inflamed appendix
enlarges (greater than 6 mm in AP diameter),
becoming a noncompressible structure (PUYLAERT
1986; JEFFREY et al. 1988). Initially, the transmural
involvement stresses the concentric layered appear-
ance of the normal appendix, turning from a rela-
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Submucosa

Mucosal surface

Fig. 1.57a-e. US images of the normal appendix. a Round transverse section of the proximal part of a normal appendix (arrow)
behind the terminal ileum (I). “Target” appearance with patent concentric layers. b Longitudinal section of a normal appen-
dix (arrows) showing five layers that are alternately hyperechoic and hypoechoic from inner to outer: hyperechoic mucosal
surface, hypoechoic mucosa, hyperechoic submucosa, hypoechoic muscular, and hyperechoic serosa. The hypoechogenicity
of the mucosa corresponds to the follicular lymphoid tissue of the mucosal lamina propria, the most prominent layer of the
normal appendix in children. ¢ Normal appendix with the lumen collapsed surrounded by ascites. The fatty mesoappendix
(M) appears as a tiny hyperechoic structure close to the appendix. Compared ¢ with d, e Diagram and histologic specimen
show the hyperechoic appendiceal layers as three concentric rings, e Histologic specimen showing lymphoid hyperplasia

Fig. 1.58. The illustration represents
US axial slides of the appendix. The APPENDICEAL US PATTERNS
hyperechoic layers (RINGS) corre-
spond to the mucosal surface (MS),
submucosa (SB) and serosa layers
(SE). When inflammation progresses, THREE RING
these rings gradually disappear from
inner to outer. Normal appendix:
AP diameter < than 6 mm, mucosal
predominance. Three rings pattern:
AP diameter > than 6 mm, collapsed
lumen and submucosal prominence.
Thin rings pattern: AP diameter NORMAL
> than 6 mm, dilated lumen and
thinned wall: Patent SB and SE with THIN RING
subtle mucosal surface. Two rings
pattern: non-visible central spot or
inner ring (MS). The appendiceal cen-
ter may represent either the inflamed
mucosa or hypoechoic content. Both the submucosa and serosa are preserved. One ring pattern: Appendix homogeneously
hypoechoic. Only serosal layer is preserved. Non-visible mucosa and submucosa. When inflammation progresses, outside
the appendix prominence of periappendicular fat, appendicular contour irregularity and, finally, the presence of loculated
collections or echogenic ascites are observed. As in a count-down, the progressive loss of those rings leads to perforation
(3-2-1 - perforation) [From DEL Pozo (1994)]
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Fig. 1.59a-g. Several different evolutive patterns of appendicitis
with the lumen collapsed: axial US scans, diagrams, and histologic
specimen. Early appendicitis. Axial US (a) and diagram (b) showing
a “three-rings” pattern. The three hyperechoic rings represent the
mucosal surface, the thickened submucosa, and the serosa layers.
The transmural inflammation stresses the stratification of the ap-
pendix. The relative mucosal predominance of the normal appen-
dix changes to a submucosal predominance. Advanced appendicitis.
Axial US (c) and diagram (d) showing a “two-rings” pattern. Notice
the preserved submucosa and serosa, and the associated prominent
periappendicular fat. The central ring or “spot”, that represents the
mucosal surface, cannot be identified. Axial US (e) and diagram (f)
showing a “one-ring” pattern corresponding to the serosa (arrows).
Note the presence of thickened omentum (O) and the intraperito-
neal echogenic free fluid as purulent peritonitis (A). The appendix
appears homogeneously hypoechoic due to the loss of submucosal
hyperechogenicity. d The specimen corroborates US findings show-
ing not only a dilated but also collapsed appendix in appendicitis
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tive mucosal to a submucosal predominance. In
this early stage the appendix may be found with the
lumen collapsed appearing as a target or a three-
ring pattern (Fig. 1.59a,b), or with the lumen dilated
and some grade of wall thinning, which would lead
to a thin-rings pattern on axial US scan (Fig. 1.56).
In this last appearance, the layers are expanded by
a usually hypoechoic purulent content. In a more
advanced stage the appendiceal diameter increases
and the central ring or “spot” corresponding to
the mucosal surface cannot be identified, making
it difficult to evaluate whether the hypoechoic
center corresponds to the inflamed mucosa or to
the intraluminal content. The serosa and submu-
cosa are preserved giving rise a two-rings pattern
(DEL Pozo et al. 1994) (Fig. 1.59¢,d). Finally, necro-
sis and suppuration lead to the loss of the submu-
cosa hyperechogenicity, and the appendix tends to
appear homogeneously hypoechoic surrounded by
the serosa: one-ring pattern (Figs. 1.59e-g and 1.60)
(BorusHOK et al. 1990; VIGNAULT et al. 1990). The
accurate identification of the different appendiceal
layers demands a careful technique examination
and the use of an appropriate transducer. Otherwise,
we can easily mistake thin rings for a one-ring pat-
tern, misinterpreting as a higher grade of involve-
ment than really exists. Because of fluid content, the
structure should have posterior enhancement, but
its identification is often impaired due to the small
appendiceal size and the particular echogenic qual-
ity of the surrounding structures.

All patterns may coexist in the same appendix.
Furthermore, one of the appendiceal ends may

Fig. 1.60. Several patterns of appendici-
tis in the same appendix. Longitudinal
US scan, from the right lower quadrant
to the subhepatic region summarizes
all the different appearances of appen-
dicitis, showing at the base (arrows)
the five conspicuous appendiceal lay-
ers with the patent mucosal surface
and the prominent submucosa layer.
These layers begin disappearing from
the appendiceal base to the tip. Notice
the associated thickened omentum
encircling the appendix and trying to
prevent the dissemination of the pro-
cess. Also note the irregularity at the
tip contour due to discrete inflamma-
tory collection in the appendicular pe-
riphery (arrowhead). L, liver

remain normal while the opposite is inflamed,
so it is very important to image the full appendix
(NgHIEM and JEFFREY 1992). An appendicolith
may also be identified coexisting with each pattern,
even in normal appendices. Appendicoliths appear
as bright, echogenic foci with clean distal acoustic
shadowing. Their identification within the appendix
or in the adjacent perienteric soft tissue after per-
foration is highly associated with a positive diag-
nosis. Failure to see an appendicolith, in contrast,
is noncontributory (BIRNBaAUM and WiLsoN 2000)
(Fig. 1.56).

A significant number of appendicitis may have an
atypical location, producing a long-standing pro-
cess and, less frequently, involving other organs. If
the appendix cannot be identified in the RLQ, the
entire abdomen should be systematically examined,
because it may locate retrocecally (20%-25% of
cases) or pelvic (7.9% of cases) (CoLLINS 1932). Lat-
eral approach through the flank may facilitate the
US identification of retrocecal appendix, which lies
posterolaterally to the cecum and would be hidden
by the cecal air (CERES et al. 1990).

Loss of visualization of submucosa layer, promi-
nent periappendicular fat and periappendicular
fluid (loculated fluid collection) have been related to
a higher rate of perforation (BorRUSHOK et al. 1990)
(Fig. 1.61). Perforation is more frequent in infants
and small children and, at these ages, it is often free.
The pneumoperitoneum secondary to an appendi-
ceal perforation is extremely rare. Echogenic ascites
implies purulent peritonitis in a free perforation,
being the most important finding. A perforated
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Fig. 1.61a-d. Perforated appendicitis: phlegmon and abscess. a,b Phlegmon. Inflammatory mass composed of a complex
fluid collection (C), prominent mesenteric fat (M), and adjacent thickened poorly defined intestinal bowel loops (B) just
close to the appendiceal remnants (arrows). c,d Abscesses. Distant multiple abscesses in the pouch of Douglas and in the
subhepatic region. A, abscess

appendix is difficult to identify, as it tends to be col-
lapsed, partially destroyed, and generally hidden
behind the dilated loops. Generalized peritonitis
can produce distant abscesses (Fig. 1.61c,d).
Appendicitis may resolve spontaneously either in
noncomplicated or perforated forms. Follow-up US
examinations have shown these infrequent spon-
taneous resolutions. They are considered as a false
positive diagnosis in most of the published studies,
due to unavailability of surgical and pathological
confirmation (JEFFREY et al. 1987). Spontaneously
resolving appendicitis occurs in atleast 1 in 13 cases
of appendicitis and has an overall recurrence rate
of 38%, with the majority of cases recurring within
1 year. It is difficult to make therapeutic recom-

mendations with this intermediate recurrence rate
(CoBBEN et al. 2000). The lack of US criteria in pre-
dicting the evolution of these cases leaves conserva-
tive management an alternative. On the other hand,
when resolution is achieved, recurrence is not the
rule, and interval or prophylactic appendectomies
may be unnecessary (PUYLAERT 1990).

Color Doppler US may be useful in easily identi-
fying the inflamed appendix. Color Doppler US is
useful as an additional positive finding of appendi-
citis in uncertain cases of borderline appendiceal
size (around 6 mm). Circumferential color in the
wall of the inflamed appendix on color Doppler US
images reflecting inflammatory hyperperfusion is
strongly supportive evidence of active inflamma-
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tion (BIRNBAUM and WiLsoN 2000) (Fig. 1.62). With
gangrene, color Doppler US may show decreased or
no perfusion. With perforation of the appendix, the
hyperemia seen in the inflamed appendix extends
to the inflamed periappendiceal fat, as seen at color
Doppler US (Fig. 1.63).

CT is a highly accurate and effective cross-sec-
tional imaging technique for diagnosing and stag-
ing acute appendicitis. The advantages over US are
reduced operator dependence, superior contrast
sensitivity, and the capability for viewing the entire
range of air, soft-tissue, fat, and bone attenuation
values inherent to the abdomen (S1viT et al. 2000).
CT is also more useful than US for evaluating com-

plications such as phlegmon and abscess formation,
as well as for delineating the location and extent of
associated fluid collections. The smaller amount of
intraabdominal fat in children compared with that
of adults may contribute to the relative low rate of
normal appendix detection at CT (12%) published in
some studies (KAISER et al. 2002) (Fig. 1.64). Contro-
versy remains in the literature regarding the use of
oral, rectal, or intravenous contrast agents and the
question of whether the area scanned should be lim-
ited to the lower abdomen and pelvis or extended to
the full abdominopelvic cavity (TAYLOR 2004). The
highest diagnostic efficacy has been obtained with
the use of rectal contrast material and thin collima-

Fig. 1.62a,b. Acute appendicitis on color Doppler US. a B-mode US axial scan showing a two-ring-pattern appendicitis.
b Color Doppler demonstrates hyperemia of the appendiceal wall manifested as an increased circumferential color flow,

mostly in the submucosal layer

- 7548 T1/

Fig. 1.63a,b. Perforated appendicitis. a Axial US scan shows air within the appendiceal dilated lumen (arrow) and enlarge-
ment of the periappendicular fat. b Color Doppler demonstrates the enlarged periappendicular tissue to correspond to an
inflammatory mass
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tion through the lower abdomen and pelvis (Rao
et al. 1998; GARCIA-PENA et al. 1999). The amount
of intracolonic contrast material administered
depends on the size of the patient, ranging from
500 ml in small children to 1000 ml in adolescents.

Thin-collimation scanning is performed with 4-mm
collimation, 4-mm/s table speed (1.0 pitch), and 4-
mm reconstruction beginning 2-3 cm above the iliac
wing (StvIt et al. 2001). Visualization of the appen-
dix is strongly dependent on the type and quality of
the CT examination, although appendiceal size, the
amount of periappendicular fat, and the degree of
bowel opacification are important influencing fac-
tors (BIRNBAUM and JEFFREY 1998). Optimal cecal
opacification and distension are essential to maxi-
mize the diagnostic yield of the examination. When
seen, the normal appendix appears as a tubular or
ring-like pericecal structure that is either totally col-
lapsed or partially filled with fluid, contrast mate-
rial, or air. The periappendiceal fat should appear
homogeneous, although a thin mesoappendix may
be present. The appearance of the abnormal appen-
dix varies with the stage and severity of the dis-
ease process. In patients with mild, nonperforating
appendicitis the appendix may appear as minimally
distended, fluid-filled, tubular structure 5 mm in
diameter surrounded by the homogeneous fat atten-
uation of the normal mesentery. This appearance,
however, occurs in less than 5% of patients. Most
patients demonstrate greater degrees of luminal dis-
tention and evidence of transmural inflammation
(Fig. 1.65). The inflamed appendix usually measures
7-15 mm in diameter. Circumferential and symmet-
ric wall thickening is nearly always present and is

Fig. 1.64. Normal gas-filled appendix (arrow) on CT.
Some dilated bowel loops filled with oral contrast are
depicted. Note the small amount of intraabdominal
fat that contributes to the low rate of normal appen-
dix detection in children at CT

best demonstrated on images obtained with intra-
venous contrast material enhancement (BIRNBAUM
and WiLsoN 2000). The thickened wall is usually
homogeneously enhanced, although mural strati-
fication in the form of a target sign may be noted.
Other common findings include an appendicolith,
circumferential or focal apical cecal thickening,
pericecal fat thickening, and the arrowhead sign.
The latter finding occurs when cecal contrast mate-
rial funnels symmetrically at the cecal apex to the
point of the appendiceal occlusion (Rao et al. 1997).
Perforated appendicitis is usually accompanied by
pericecal phlegmon or abscess formation (Fig. 1.65).
Associated findings include extraluminal air,
marked ileocecal thickening, peritonitis, and small
bowel obstruction.

The only CT features specific for appendicitis
are an enlarged appendix and cecal apical changes,
which represent contiguous spread of the inflam-
matory process to the cecum. The identification of
cecal apical changes is particularly useful in allow-
ing a confident diagnosis of acute appendicitis if
there is difficulty in identifying an enlarged appen-
dix. Identification of an appendicolith in an indi-
vidual with acute right lower quadrant pain is also
considered highly suggestive of acute appendicitis.
The remaining CT findings are nonspecific and may
be seen with a variety of right lower quadrant and
pelvic infectious or inflammatory conditions. The
main disadvantage of CT remains the radiation
dose to the patient. The emergence of helical and
multidetector CT technology has been followed by
higher diagnostic efficacy, with no increase in the
ionizing radiation exposure. Low-dose CT protocols
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using an effective current-time product of 30 mAs
have proven to be highly accurate (KEYZER et al.
2004). In spite of these considerations, as stated by
KAISER et al. (2004), “the greatest possible decrease
in risk from ionizing radiation at CT is a result of
an unnecessary study not being performed”. In
the interests of radiation protection CT scanning
should be reserved for complex problems or for
patients whose body habitus precludes adequate US
examination.

In conclusion, in cases of high clinical suspicion
of appendicitis, surgery is indicated without cross-
sectional imaging examination. When clinical pre-
sentation is unclear, US should be performed. A pos-
itive diagnosis followed by a prompt appendectomy
decreases the complication rate. Additionally, a con-
servative treatment alternative to the surgical option
can be used: antibiotics, occasionally followed by
delayed appendectomy in cases of phlegmon, and
percutaneous drainage in abscess formation. If US
examination is accurately shown to be negative
for appendicitis, no further studies are required,
except for those indicated for the proper manage-
ment of other possible diagnoses (intussusception,

Fig. 1.65a-c. CT in appendicitis. A 13-year-old girl treated
with antibiotics for pelvic pain and fever. a US shows a
non-specific cystic mass (M) cranial to the uterus (U). No
flow was observed on color Doppler study. b,c CT clearly
demonstrates the close relationship between the mass (4)
and the enlarged appendix (arrow) with an appendicolith
(arrowhead). An appendiceal abscess was demonstrated at
surgery. B, Bladder; A, abscess

ovarian cyst, etc.). If a nonconclusive diagnosis is
made (bowel air interposition, obesity, etc.), differ-
ent options should be considered, depending on the
clinical findings and on the resources available in
each institution: observation followed by a second
US examination (KosLOSKE et al. 2004), or CT in
order to obtain the most accurate diagnosis. Proto-
col-based in-patient clinical evaluations by pediatric
surgeons, with selective use of diagnostic imaging
methods, have shown high accuracy in the diagnosis
of appendicitis. Low negative appendicectomy rates
(5%) and perforation rates (17%) have been achieved
without the radiation exposure and potential costs
derived from excessive use of radiological examina-
tions (KoSLOSKE et al. 2004; ZIEGLER 2004). On the
other hand, lower negative appendicectomy rates
have been demonstrated in high volume hospitals
(SMINK et al. 2004).

Several non-surgical abdominal processes such as
enteritis (ileocecitis, inflammatory bowel disease),
mesenteric adenitis, primary fat epiploic lesions
(right segmentary omental infarction and epiploic
appendagitis), typhlitis, peritonitis, and functional
gynecologic pathology may clinically mimic appen-
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dicitis. A precise diagnosis to avoid unnecessary
surgery is essential in these cases.

1.2.3
Small Bowel Obstruction

Besides perforated appendicitis and intussusception,
the most common causes of small bowel obstruc-
tion are incarcerated hernias and adhesions. Other
causes of small bowel obstruction comprise a mis-
cellaneous group of rare conditions, such as midgut
volvulus, Meckel’s diverticulum, advanced stages
of Crohn’s disease, and bezoars. Adhesions usually
result from prior surgery and are often multiple.
There is an increasing tendency for initial conserva-
tive management rather than immediate operative
intervention, as a proportion of cases will resolve
spontaneously.

The diagnosis of bowel obstruction is estab-
lished on clinical grounds and usually confirmed
with plain abdominal radiographs. Plain radio-
graphs usually show distended bowel loops with
air-fluid levels (Fig. 1.66). In inguinal incarcerated
hernia, plain film will also show thickening of the

A\
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right inguinoscrotal fold (Fig. 1.67a). Because of
the diagnostic limitations of plain films, cross-
sectional methods are increasingly used. At US,
dilated, fluid-filled small bowel loops are seen,
which are recognized by the presence of the valvu-
lae conniventes. The bowel wall may become edem-
atous due to vascular and lymphatic obstruction,
and ascites may be an accompanying feature of
intestinal obstruction. In patients with mechanical
bowel obstruction, hyperperistalsis with a to-and-
fro motion of the bowel contents is often observed
during real-time imaging. Once the obstruction
becomes high-grade or complete, peristalsis may
be absent (O’MALLEY and WILsON 2003). Peristals-
ing fluid and air-filled loops of bowel or mesenteric
fat passing down the canal into the scrotum can be
readily identified in inguinal hernias (Fig. 1.67b).
At US or CT a diagnosis of adhesion is assumed
when there is no identifiable lesion at the transition
zone between the dilated and the collapsed bowel
loops, because the adhesive band itself is not visu-
alized (MARINCEK 2002).

Closed loop obstruction is a form of mechani-
cal bowel obstruction in which two points along
the course of the bowel are obstructed at a single

o nd.A

Fig. 1.66a,b. Small bowel obstruction due to adhesive band. a Supine plain radiograph
shows multiple dilated loops of proximal small bowel. b Erect film demonstrates multiple

air-fluid levels
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Fig. 1.67a-c. Incarcerated right inguinal hernia. a Plain film shows dilated loops of small bowel
and thickening of the right inguinoscrotal fold (arrowhead). b US scan shows dilated small
bowel loops and ascites. Note the typical appearance of the bowel wall with five layers (arrow).
c Longitudinal US of the right inguinoscrotal fold performed with an interposed gel-pad, shows
an air-filled loop (arrows) passing down the canal into the scrotum. The scrotum shows a nor-
mal appearance. Normal testis (T) and fluid. A, ascites

site. It is usually secondary to an adhesive band
or a hernia. Because a closed loop tends to involve
the mesentery and is prone to produce a volvulus,
it represents the most common cause of stran-
gulation. Characteristic findings of closed-loop
obstructions are a C-shaped, U-shaped, or “coffee
bean” configuration of the bowel loop (MARINCEK
2002) (Fig. 1.68). Mechanical obstruction of the gut
must be differentiated from paralytic ileus. Numer-
ous causes exist for both diffuse and localized
paralytic ileus and gaseous distention of the small

and the large intestine are seen. Paralytic ileus is
a common problem after abdominal surgery. It
may be secondary to inflammatory or infectious
disease, abnormal electrolyte, metabolite, drug
or hormonal level, or innervation defects. Plain
radiographs show diffuse dilated bowel loops with
distal air, as well as air-fluid levels in the upright or
decubitus radiograph (MARINCEK 2002) (Fig. 1.69).
Differentiation of paralytic vs mechanical ileus can
also be documented by M-mode US (RiccaBoNa
2001).
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1.2.4
Midgut Volvulus

Midgut volvulus is a complication of malrotation
in which clockwise twisting of the bowel around
the SMA axis occurs because of the narrowed
mesenteric attachment. This life-threatening con-
dition is a clear indication for emergent surgery.
The clinical diagnosis of midgut volvulus in older
children and adolescents is difficult because the
presentation is usually nonspecific and malrota-
tion is rarely considered. Recurrent episodes of col-
icky abdominal pain with vomiting over a period
of months or years are typical and may eventually
lead to imaging. Diarrhea and malabsorption from

Fig.1.68a-d. Ileal adhesions
from previous appendicectomy
causing small bowel obstruc-
tion. Supine (a) and upright (b)
plain abdominal radiographs
show a paucity of abdominal
air and a few air-fluid levels in-
dicating small bowel obstruc-
tion indistinguishable from any
other cause of obstruction. ¢,d
Sonography at the right and left
lower quadrants demonstrate a
U-shaped, or “coffee bean”, con-
figuration of the dilated bowel
loops (arrows). Some bowel
loops present a thickened wall
(arrowhead) and ascites (A),
suggesting strangulation

chronic venous and lymphatic obstruction may
also occur (BERDON 1995). Findings on abdominal
radiographs in midgut volvulus are usually abnor-
mal but nonspecific. Upper gastrointestinal exami-
nation (the study of choice in neonates) shows the
typical corkscrew appearance of the proximal small
bowel. However, in older patients with acute symp-
toms, US or CT are generally performed instead of
a barium examination. Sonographically, an abnor-
mal location of the mesenteric vein to the left or
anterior to the corresponding artery can raise the
suspicion of malrotation. When a volvulus occurs,
twisting of the bowel loops around the mesenteric
artery axis leads to the whirlpool sign (PRACROS
1992), best shown in Doppler color studies (PATINO
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Fig. 1.69a,b. Paralytic ileus due
to gastroenteritis. a Supine film
shows generalized dilated bowel
loops and distal gas. b Upright
film demonstrates multiple air-
fluid levels

P .. B

and MUNDEN 2004) (Fig. 1.13). In the last step of the
process, the presence of free fluid and wall thicken-
ing may indicate vascular compromise. A similar
appearance can be seen on CT (BERNSTEIN and Russ
1998; PickHARDT and BHALLA 2002). Additional
CT findings include duodenal obstruction, conges-
tion of the mesenteric vasculature, and evidence of
underlying malrotation. The presence of intestinal
ischemia or necrosis is an ominous sign. Internal
hernia caused by abnormal peritoneal bands is an
under-recognized complication of malrotation after
childhood (Maxson et al. 1995). This condition may
also be life-threatening because of the risk of bowel
obstruction and strangulation. CT findings of mal-
rotation and small-bowel obstruction (without vol-
vulus) may be seen in patients with this complica-
tion (PICKHARDT and BuALLA 2002). Evidence of
ischemic bowel again portends a poor prognosis.
Some patients may present with a combination of
midgut volvulus and internal hernia. These life-
threatening events in adolescents who may be oth-
erwise healthy underscore the importance of earlier
detection and treatment.

1.2.5
Meckel’s Diverticulum

Meckel’s diverticulum is a remnant of the ompha-
lomesenteric duct. It is located in the antimesen-

.
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teric side of the ileum, usually within 60 cm of the
ileocecal valve. This anomaly occurs in 0.5%-4%
of the population, and is generally asymptomatic.
Meckel’s diverticulum can present clinically with
rectal bleeding, inflammation, or obstruction.
Obstruction can be produced by small bowel vol-
vulus around an associated omphalomesenteric
band (Fig. 1.70), incarceration in a hernia, hernia-
tion of other bowel loops through the mesentery of
the diverticulum or also the diverticulum may act
as a lead point in intussusception. The most fre-
quent form of presentation is painless hemorrhage
in children under 5 years old. Bleeding is related to
ulceration of heterotopic gastric mucosa, present in
less than 25% of cases. The 99m-Tc pertechnetate
scan has demonstrated high accuracy in detecting
a diverticulum when isotope is taken up by ecto-
pic gastric mucosa (HaYEs 2004). It is difficult to
prospectively diagnose a Meckel’s diverticulum
causing abdominal pain despite the wide variety of
imaging techniques available, particularly if symp-
toms regress and diverticula bowel walls return to
the normal appearance of any adjacent bowel loop.
Radiographic findings are nonspecific in most cases
of obstruction. Sonography is useful showing a pir-
iform cystic or echogenic everted Meckel’s diver-
ticulum acting as a lead point in the apex of intus-
susception cases. US may also show an inflamed
or torsioned diverticulum mimicking appendicitis.
In these cases, localization of the lesion far from
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Fig. 1.70a-d. Intestinal obstruction due to Meckel’s diver-
ticulum. a Plain radiograph showing multiple dilated bowel
loops consistent with small bowel obstruction. Sagittal (b)
and axial (c) US scan showing a subhepatic cystic, ovoid-
shaped lesion with mural stratification of the wall (“gut sig-
nature”) (arrows). d Surgical gross specimen of the same
patient showing normal appendix and the volvulated Meck-
el’s diverticulum around an associated omphalomesenteric
band [From GALLEGO (1998)]

the cecum, as well as an anteroposterior diameter
superior to 2.5 cm, can help to make an accurate
diagnosis (GALLEGO et al. 1998) (Fig. 1.70). As with
the appendix, enteroliths may produce obstruction
of the diverticulum and inflammation.

1.2.6
Enteritis

Gastroenteritis is the most frequent cause of abdom-
inal pain in children. Several organism may cause
this usually self-limited disease in developed coun-

tries. Diarrhea, vomiting, and abdominal pain are
common symptoms. There is overlap of symptoms
with some cases of appendicitis; for thisreasonimag-
ing is required in cases of atypical course. Plain film
may show diffuse small and large bowel distension,
with air-fluid levels on positional views (the pattern
of an ileus) (Fig. 1.71a). US may detect generalized
dilated bowel loops without wall thickening or sig-
nificant ascites in non-invasive gastroenteritis cases
(Fig. 1.71b). In cases of viral gastroenteritis, there
are multiple loops of fluid-filled as well as air-filled
intestine, with some patients demonstrating hyper-
peristalsis, whereas others demonstrate variable
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Fig. 1.71a,b. Gastroenteritis. a,b US images show dilated loops of small bowel and colon without bowel wall thickening or
ascites

degrees of hypoperistalsis. Transient small bowel
intussusceptions can be observed in those patients
with hyperperistalsis (HAYDEN 1996). The normal
appendix is not usually seen. Differential diagnosis
with appendicitis may be difficult because appendi-
citis may produce similar US findings linked to ady-
namic or mechanical ileus, mostly in evolutionated
cases. However, the absence of echogenic peritoneal
fluid or enlarged omental fat makes the probability
of perforated appendicitis remote.

Acute terminal ileitis or ileocecitis (bacterial
enteritis limited to the ileocecal region).

The term ileocecitis, proposed by PUYLAERT et al.
(1989), defines those bacterial enteritises that affect
primarily the ileocecal region, mimicking clinically
appendicitis. Yersinia, Campylobacter, and Salmo-
nella are the most frequent infective organisms. In
these cases, diarrhea is often absent or moderate.
Sonographic diagnosis of these entities may avoid
a significant number of unnecessary laparotomies.
Sonographic findings consist of mural thickening of
the terminal ileon, ileocecal valve, and the cecum,
and the presence of multiple enlarged mesenteric
lymph nodes. The thickened ileon appears mostly
hypoechoicrelated to mucosalfollicular hyperplasia.
This finding may help differentiate it from Crohn’s
disease, which exhibits a transmural affectation.
Abnormalities often extended along the proximal
colon, giving rise to a prominent haustral pattern on
the longitudinal view. The exaggeration of the haus-
trations leads to the “accordion” sign (Fig. 1.72). In
many cases the appendix cannot be visualized. Nev-
ertheless, the exclusion of appendicitis is justified

when sonography reveals other pathology rather
than lymph nodes that could explain the patient’s
symptoms (PUYLAERT et al. 1989). Crohn’s disease
may also be confused with bacterial infection of the
ileocecal region. In this case no surgical dilemma
will ensue since appendicectomy is not indicated
(PUYLAERT et al. 1989).

1.2.7
Inflammatory Bowel Disease

Crohn’s disease may affect any part of the gastroin-
testinal tract, being the commonest site in the ileo-
cecal region. In children, 20% of cases of Crohn’s
disease present with acute abdominal pain mim-
icking acute appendicitis (Haves 2004). In fact,
Crohn’s disease may cause, though rarely, appendi-
citis. Parietal involvement is often discontinuous in
Crohn’s disease with intervals of apparently normal
bowel, producing “skip lesions.” Another specific-
ity of the disease is the transmural inflammation
extending through all layers of the intestinal wall
and involving the mesentery (VALETTE et al. 2001).
Imaging shows stratified transmural thickening of
the bowel wall usually involving distal ileum, proxi-
mal colon, as well and mesentery. The transmural
pattern of the disease is often associated with an
irregular thickening of the submucosa and muscu-
lar layers. The involved segment appears rigid and
shows no peristalsis on US (Fig. 1.73) (HAYES 2004).
Differential diagnosis with an infectious ileocolitis
may be more difficult than with acute appendici-
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Fig. 1.72a-d. Ileocecitis due to Yersinia enterocolitica infection. US images at
the right iliac fossa show thick-walled bowel representing the ascending colon,
terminal ileum and ileocecal valve. a Transverse US scan. There is mural strati-
fication with a predominant bright submucosa in the colonic wall (arrows) and
lymphoid hyperplasia of the mucosa in the terminal ileum (M). b Longitudinal
US scan showing the “accordion” sign in the ascending colon. ¢ Longitudinal
US scan of the ileocecal valve shows a thickened valve (arrows). d Barium ex-
amination shows irregularity and nodularity of the terminal ileum

tis. Wall thickening is usually - though not always
- transmural, with inflammation of the surrounding
fatty tissue, which makes distinction from infec-
tious ileocecitis easy (PUYLAERT 2001). Character-
istic CT findings include terminal ileal thickening
with or without a target sign enhancement pattern
on contrast-enhanced CT, fibrofatty proliferation of
the ileal mesentery, reactive adenopathy and perien-
teric sinus tracts and mesentery abscesses in cases
of severe extramural inflammation (BIRNBAUM
and JEFFREY 1998). Crohn’s disease may involve
the appendix as distinct from acute obstructive or
suppurative appendicitis. The appendix appears
collapsed with transmural thickening of the wall,
usually maintaining the stratification (three-ring
pattern). Recommended treatment is conservative
if the appropriate diagnosis can be established with
noninvasive techniques.

1.2.8
Schoénlein-Henoch Purpura

Schonlein-Henoch syndrome or anaphylactoid
purpura, is a vasculitic disease of unknown origin,
although is has been suggested to be a viral-induced,
allergic, or hypersensitive reaction. Schonlein-
Henoch syndrome most commonly occurs in chil-
dren under 10 years old. It may involve the small
blood vessels of the skin, joints, gut and/or kidney.
More than 50% of cases have abdominal symptoms,
which may precede the cutaneous rash and cause
a diagnostic dilemma (HAYDEN 1996). Sonographi-
cally, several degrees of localized or diffuse involve-
ment can be demonstrated in the small bowel loops.
Most commonly, there is symmetrical transmural
thickening of the bowel wall, secondary to sub-
mucosal edema and hemorrhage (HAYDEN 1996)
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(Fig. 1.74). Luminal narrowing and ascites may be
significant. Some transient small bowel intussus-
ceptions can be observed. Schonlein-Henoch syn-
drome, in general, is a self-limited process with a
very good clinical outcome.

1.2.9
Mesenteric Lymphadenitis

Mesenteric adenitis is a consequence of an enteric
infection, usually viral, that predominantly affects
mesenteric lymph nodes. It is the most frequent
diagnosis in children who are found to have a
normal appendix at surgery (HAYEs 2004). Mes-
enteric lymphadenitis is a self-limiting condition
requiring only symptomatic treatment. Mesen-
teric lymph nodes located at the middle abdomen
to the right of the umbilicus, or less frequently at
the RLQ, are visualized on US as oval, hypoechoic
masses increased in number or size (Fig. 1.75a). In
nearly 25% of asymptomatic patients more than
five lymph nodes can be observed (WiErRsMaA et al.
2005). Otherwise, a short-axis diameter of 8 mm on
CT and 10 mm on US have been proposed as the
upper limit of normal lymph node size (KARMAZIN
et al. 2005; WIERSMA et al. 2005). Lymphadenopa-

Fig. 1.73a-c.Crohn’sdisease. A 14-year-old boy
with several previous episodes of abdominal
pain. a,b Longitudinal US scans at the termi-
nalileum and ileocecal valve (arrows) showing
diffuse wall thickened. Mural stratification is
preserved. The submucosa (S) is enlarged.
¢ Longitudinal US scan shows marked wall
thickening of the ascending colon

thy due to normal immunization process can be
seen in almost 50% of asymptomatic children or in
association with a number of abdominal and pelvic
disorders. Increased color Doppler flow in tender
enlarged lymph nodes reflects_its pathologic nature
(Fig. 1.75b). Although exuberant blood flow can be
demonstrated in inflamed lymph nodes, this still
does not differentiate the cause of the inflammation
(HAYDEN 1996). In about half of appendicitis cases,
moderately enlarged mesenteric lymph nodes can be
seen (PUYLAERT 1990). Rarely, they are prominent,
but in such cases a diagnosis of mesenteric lymphad-
enitis cannot be establish, except when a full identi-
fication of a normal appendix is achieved. Therefore,
mesenteric adenitis is an exclusion diagnosis that
can only be made if normal appendix is identified
and other digestive pathologies excluded.

1.2.10

Primary Fat Epiploic Lesions:

Right Segmentary Omental Infarction Including
Omental Torsion and Epiploic Appendagitis

Epiploic appendagitis and omental infarction are
benign self-limiting conditions that are more fre-
quent than generally assumed. Both disorders fre-




64

T. Berrocal and G. del Pozo

Fig. 1.74a-c. Schonlein-Henoch purpura.So-
nography shows symmetrical transmural ileal
bowel wall thickening and ill-defined wall lay-
ers (arrows). Anechoic ascites (A). B, bladder

Fig. 1.75a,b. Mesenteric lymphadenitis. a US image shows enlarged mesenteric lymph nodes in the region to right of the
umbilicus (arrows). b Color Doppler image shows increased flow reflecting hyperemia. Appendix was normal
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quently mimic symptoms of an abdominal surgical
emergency, often leading to clinical misdiagnosis of
appendicitis. Discriminating between both condi-
tions is of no practical relevance since treatment and
prognosis are identical (VAN BREDA VRIESMAN and
PUYLAERT 2002). Spontaneous and complete resolu-
tion of symptoms, typically within 2 weeks, is the
rule. Obesity seems to be an important risk factor for
primary omental torsion in children. VARJAVANDI et
al. (2003) postulated that the increased fat deposi-
tion in obese children outstrips the blood supply to
the developing omentum. This could lead to either
relative ischemia as the inciting event, increased
omental weight leading to torsion, or traction to
the most distal parts of the omentum. At gray-scale
and color Doppler sonography, the more frequent
appearance is a hyperechoic mass containing poorly
defined nodular or linear hypoechoic areas with
few vessels within the mass and hyperemia in the
peripheral area. The hyperechoic area corresponds
to preserved omental tissue with edema and vas-
cular congestion, the avascular hypoechoic areas

Fig. 1.76a-c. Omental infarction. a Hyperechoic mass just
behind the abdominal wall (arrows). b Axial CT image shows
an area of fat stranding indicating inflamed mesenteric fat
(arrows). ¢ Another patient. Longitudinal US at the sub-
hepatic region shows a hyperechoic mass just underneath
the anterior abdominal wall that progressively attenuates
the sound suggesting a fat origin (arrows). B,dilated bowel
loops; L, liver

corresponding to infarcted tissue (BALDISSEROTTO
et al. 2005). Sometimes a progressive sound attenu-
ation is detected (Fig. 1.76). Small amounts of free
intraabdominal fluid between bowel loops and in
the cul-de-sac are routinely observed (THERIOT et
al. 2003). The lesion is more conspicuous on CT
studies, appearing as a well-circumscribed region
of inflamed omental mass interspersed with hyper-
attenuating stripes and inflammatory stranding
(Fig. 1.76). The underlying colon, terminal ileum,
and appendix remain unaffected (BIRNBAUM and
JEFFREY 1998).

Epiploic appendices are pedunculated adipose
structures protruding from the serosal surface of
the colon. An epiploic appendix might incidentally
undergo infarction because of torsion or sponta-
neous venous thrombosis. The condition has been
called epiploic appendagitis (vAN BREDA VRIESMAN
and PUYLAERT 2002). It is considered, as with omen-
tal infarction, a self-limited process, and the appro-
priate management is conservative. The inflamed
mass is often delineated by a hypoechoic ring on US.
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The corresponding CT findings consist of a small
pedunculated fat-attenuation mass with a hyperat-
tenuating rim (BIRNBAUM and JEFFREY 1998).

1.2.11
Peritonitis

Peritonitis is often secondary to perforated appendi-
citis. Primary bacterial peritonitis is an inflamma-
toryprocessoftheperitoneumwithoutanidentifiable
intraabdominal source. Although this rare entity has
been typically associated with underlying systemic
processes such as nephrotic syndrome, liver failure,
and the presence of ventriculoperitoneal shunt cath-
eter, primary bacterial peritonitis may also occur in
otherwise healthy children. The sonographic and
CT finding of complex ascites is relatively nonspe-
cific, most commonly thought to be associated with
perforated appendicitis. However, when the imag-
ing findings of peritonitis are disproportionately
greater than the degree of abnormal appendiceal
changes or are associated with non-visualization
of the appendix, the diagnosis of primary bacte-
rial peritonitis should be considered in addition to
that of perforated appendicitis. The diagnosis can
be confirmed by paracentesis and demonstration of
a single species of gram-positive cocci on stained
smears, findings that would be highly unlikely to be
caused by appendicitis. The demonstration of mul-
tiple bacterial species, especially if gram-negative
bacilli are present, still warrants exclusion of hollow
viscus perforation (DANN 2005).

Inflammation of the peritoneum caused by Myco-
bacterium tuberculosis can be produced by direct
spread from gastrointestinal tuberculosis or after
hematogenous dissemination from a pulmonary
focus. Involvement of the omentum in peritoneal
tuberculosis is diffuse and different to the focal
involvement of the omentum in appendicitis or in
omental infarction on US or CT. The correct diag-
nosis is suggested by additional findings such as
lymphadenopathy, involvement of the mesentery,
bowel wall thickening, or loculated ascites (van
BREDA VRIESMAN and PUYLAERT 2002).

1.2.12
Hepatobiliary Causes of Acute Abdominal Pain

Hepatitis, space occupying hepatic lesions, and bili-
ary pathology such as cholecystitis or those char-

acteristics of the childhood (hydrops, choledochal
cyst) may also cause abdominal pain.

Acute cholecystitis in children is relatively rare,
but certain pediatric patients are prone to these
diseases. Acute cholecystitis may be calculous or
acalculous. The triad of right upper quadrant pain,
vomiting, and fever is the usual clinical presentation
(TSAKAYANNIS et al. 1996). Jaundice occurs in 25%—
45% of patients probably secondary to inflamma-
tion around the bile duct. US should be the primary
screening in patients with these symptoms. US find-
ings include gallbladder wall thickening and disten-
sion and, sometimes, gallstones. A gallbladder wall
thickness over 3 mm is abnormal, although it can be
observed in many conditions unrelated to cholecys-
titis such as hypoalbuminemia, ascites, and portal
hypertension. The ultrasonographic Murphy’s
sign (maximal tenderness over the sonographi-
cally-localized gallbladder) is a useful secondary
sign. The presence of intraluminal membranes and
echoes with or without gallbladder wall irregularity
may indicate hemorrhagic or gangrenous cholecys-
titis (CHINN et al. 1987).

Until recently, biliary lithiasis was considered
infrequent in childhood, but the frequency of the
diagnosis has been increasing. In children, up to
75% of gallstones are pigmented stones. Their etiol-
ogy is often unknown (RESCORDA 1997). Symptom-
free stones usually have a benign course and spon-
taneous resolution can occur. The most frequent
clinical presentation is abdominal pain, with or
without vomiting. Ultrasound is very accurate in the
detection of calculi in the gallbladder, but less so in
the intrahepatic and extrahepatic ducts (Fig. 1.77).
MRCP can be used when choledocholithiasis needs
to be excluded and ultrasound is negative.

Choledochal cysts are localized dilatations of the
biliaryductal system. Fivetypeshavebeendescribed:
typeI (80%-90%), dilatation of the common bile
duct (IA cystic, IB focal, IC fusiform); type II, diver-
ticulum; type III, choledochocele; type IV, multiple
cysts (IVA intra- and extrahepatic, IVB extrahe-
patic); type V, Caroli disease. The pathogenesis is
related to an anomalous relation of the common bile
duct and the pancreatic duct, which allows reflux of
pancreatic secretion into the biliary tree. It is more
frequently seen in female and Asian infants. It may
be found in all ages from neonate to adult, but is now
frequently discovered during prenatal sonogram
(BENYA 2002). Clinical symptoms include episodic
abdominal pain, jaundice, and a right upper quad-
rant mass. At US and MRCP this appears as a cyst
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in the porta hepatis, separated from the gallbladder
and communicated with the biliary ductal system (to
differentiate extrahepatic biliary atresia) (Fig. 1.78).
Complications include cholelithiasis, choledocholi-
thiasis, pancreatitis, malignant degeneration, and
cirrhosis.

1.2.13
Acute Pancreatitis

Acute pancreatitis is an uncommon clinical entity
in children that is caused by a wide variety of etio-
logical agents, the most common of which is blunt
abdominal trauma. Other causes include viral infec-
tions, drugs, and hereditary abnormalities. Clinical
presentation depends on the severity of the disease,
but abdominal pain is invariable. Other symptoms
are vomiting, fever, jaundice, and an abdominal
mass if a pseudocyst is present. When pancreatitis
is suspected in a child, US should be the primary
imaging investigation (BERROCAL et al. 1995). The
most common US finding is diffuse or focal glan-
dular enlargement and decreased echogenicity, with
poorly defined borders (Fig. 1.79). Dilatation of the
pancreatic duct may be present. In cases of mild
pancreatitis the pancreas may appear normal on US.
CT or MRI are usually reserved for patients with
complications, especially those requiring interven-
tion. CT shows diffuse pancreatic enlargement, het-

Fig. 1.77a,b. Choledocholithiasis presenting as an acute ab-
domen in an 8-year-old boy. a Plain film shows a paraspinal
calcification (arrow). b US demonstrates a calculus (arrow)
in the distal choledochus (C) producing dilatation of the
proximal bile duct

Fig. 1.78. Choledochal cyst. Transverse US scan through the
liver shows a cystic mass (C) in the porta hepatis. Hepato-
biliary scintigraphy confirmed communication of the cystic
structure with the biliary system. P, portal vein

erogeneous attenuation, a poorly defined pancreatic
contour, and peripancreatic fluid collections, which
are most commonly found in the anterior pararenal
space and lesser sac (BALTAZHAR 2002). More than
one third of patients with acute pancreatitis have
an initially normal CT. MRI should be preferred
to CT when available because of the lack of ion-
izing radiation. Pseudocyst formation is the most
common complication of the acute pancreatitis and
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Fig. 1.79. Acute pancreatitis. Diffuse acute pancreatitis in a
5-year-old girl with acquired immunodeficiency syndrome.
Transverse US scan through the pancreas shows a globally
enlarged pancreas with diffuse decreased echogenicity and
irregulars borders (arrows). Note the poor definition of the
splenic vein. Gallbladder (gb), left lobe of the liver (LL)

they are the most usual type of cysts occurring in
the pancreas. Pseudocysts may be extrapancreatic
(usually in the lesser sac) or intrapancreatic, and
require at least 4 weeks following an episode of
acute pancreatitis. On US they appear as anechoic
structures with well-defined borders and posterior
reinforcement (Fig. 1.80). These lesions are usually
homogeneous, and of water signal intensity on T1-
weighted and T2-weighted HASTE images (LY and
MILLER 2002) (Fig. 1.12b,c). Pancreatic abscesses
can have imaging features similar to pseudocysts,
but may be distinguished by means of the clinical
history or when there is gas within the collection
(BarLTAaZHAR 2002) (Fig. 1.81).

1.2.14
Renal Causes of Acute Abdominal Pain

The most common renal causes of an apparent acute
abdomen are upper urinary tract infection, espe-
cially pyelonephritis, renal colic due to a stone in
the urinary tract, and acute presentation of a pelvi-
ureteric junction obstruction. Children maylocalize
the pain to the abdomen, not the loin. Urinary tract
infections, usually related to vesicoureteral reflux,
may cause similar symptoms to those of intussus-
ception, mostly in young children. In most of these
cases US is normal and only in high-grade reflux

Fig. 1.80. Pseudocyst. Transverse US scan through the pan-
creas shows a cystic mass (c) with posterior reinforcement
anterior to the pancreatic tail (arrows). Left lobe of the liver
(LL)

Fig. 1.81. Pancreatic abscess. CT shows a complex, gas-con-
taining fluid collection in the pancreatic tail (arrow)

(grades ITII-IV) pyelocaliceal dilatation may point
to the right urologic diagnosis. When evident, foci
of infection are often hypoechoic with focal loss of
the corticomedullary differentiation (RiccaBoNA
2002a,b). A renal abscess appears as a heterogeneous
mass lesion with central necrosis. Structural abnor-
malities of the urinary tract that may be found in
children presenting with infection include duplex
systems, renal ectopia, horseshoe kidney, and renal
malrotation. A VCUG is indicated in children pre-
senting with an acute urinary tract infection, but
should not be performed during acute infection. The
child should remain on antibiotic prophylaxis and
the VCUG should be done as a planned investigation
(PENNINGTON and ZERIN 1999).




Imaging in Pediatric Gastrointestinal Emergencies

69

Renal lithiasis is more common in infants than in
older children, and 20% of cases manifest as renal
colic. Underlying causes are multiple, proteus being
the most common pathogen. The role of imaging is to
diagnose lithiasis, to detect any underlying anatomi-
cal abnormality, and to demonstrate the effect on the
urinary tract so that treatment can be appropriate.
Renal lithiasis can be detected radiographically or
sonographically. The latter method may also sub-
stantiate the presence of obstructive uropathy and
in many cases it may demonstrate its level and etiol-
ogy. A calculus manifests as a hyperechoic area with
acoustic shadowing located within the pelvicaliceal
system or ureter (Fig. 1.82). In suspected obstruction
by a calculus, US examination should include the
kidneys, ureters, and bladder to determine the level
of obstruction. On plain abdominal radiographs,
calculi are seen as radiopacities in the renal areas,
the line of the ureters or the bladder region. Differ-
ential diagnosis includes appendicolith, intracolic
foreign body, calcified ovarian mass, or adenopa-
thy. CT should not be used as a routine investigation
tool due to its associated radiation dose (EsHED and
WITZLING 2002); however, it is useful in patients with
renal colic and a negative US study, and in patients
with US findings suggestive of ureteric obstruction
in which US failed to demonstrate the calculus. In
such cases, a non-contrast, low-dose CT scan usually
allows demonstration of the stone, even a non- or
poorly radiopaque stone (MEAGHAR et al. 2001).

Pelviuretericjunctionobstructionmaybedetected
on prenatal US or on US examination of infants who

have a urinary tract infection; however, a significant
proportion of cases present later in childhood with
abdominal pain. US demonstrates a dilated renal
collecting system with no associated dilated ureter.
There are multiple hypoechoic cystic spaces, the
largest being medial and representing the dilated
pelvis. The cysts intercommunicate and infundib-
ula and calyces, as well as surrounding renal paren-
chyma, can usually be identified (WARD et al. 1998).
In severe cases the distended renal pelvis has a clas-
sically convex contour (Fig. 1.83). The patient should
be well hydrated at the time of examination. Follow-

Fig. 1.83. Ureteropelvic junction obstruction. Longitudinal
US scan of the right kidney demonstrates dilated calyces
communicating with a markedly dilated renal pelvis (P). No
dilated ureter is identified

Fig. 1.82a,b. Calculus in the distal ureter. Longitudinal US scan through the right kidney shows a dilated collecting system
produced by a calculus (arrow) in the right distal ureter (U). B, bladder
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ing a US diagnosis of pelviureteric junction obstruc-
tion, the patient should have a Mag 3 renogram after
IV furosemide, to assess the degree of obstruction
and the relative filtration of the obstructed kidney.
The excretion curves that are generated during this
examination provide useful information regarding
the degree of obstruction. They also provide a useful
baseline for future follow-up in patients in whom
immediate surgical treatment of their obstruction
is not warranted. Intravenous urograms may be
useful when further anatomical details are required
prior to surgery; however, this imaging modality is
being substituted by MR urography if facilities are
available (RiccaBoNA 2002). Most patients with
severe pelviureteric junction obstruction are surgi-
cally treated with a dismembered pyeloplasty, while
those with mild or moderate pelviureteric junction
obstruction are followed-up with periodic US.

1.2.15
Gynecological Causes of Acute Abdominal Pain

The main gynecological conditions causing acute
abdominal pain are functional ovarian cysts, ovar-
ian torsion, and hydrometrocolpos. Transabdomi-
nal US will commonly show the lesion. Transvaginal
US should not be routinely done as a primary inves-
tigation in adolescent girls, but may supplement the
abdominal examination in sexually active patients.

Ovarian cysts usually result from failure of invo-
lution during the normal menstrual cycle. They
may cause acute lower abdominal or pelvic pain in
pre-pubertal and pubertal girls if they are compli-
cated by rupture, torsion, or hemorrhage, or if they
become significantly enlarged. Transabdominal US
in uncomplicated cysts usually show a thin-walled,
well-defined, echo-free ovarian mass, and excellent
through-transmission (CARTY 2002). Simple cysts
may be quite large, but most of them resolve spon-
taneously, only requiring clinical and sonographic
follow-up. Rarely, there is a complication, the most
common being ovarian torsion. Functional cysts
may also rupture and result in free fluid in the pelvis.
Despite the high frequency of presentation of these
cysts, they should not be assumed to be the cause of
the acute symptoms until other pathologies, espe-
cially appendicitis, have been excluded.

Functional cysts may develop internal hemor-
rhage. Hemorrhagic ovarian cysts typically pres-
ent with sudden and severe lower abdominal pain.
On US, they may appear echogenic or hypoechoic,

but never anechoic (Fig. 1.84). Most of them are
heterogeneous in echogenicity and show through-
transmission due to their underlying cystic nature.
They may contain internal clots, septations, as well
as fluid-debris levels. The cyst wall may be thin or
thick and irregular. A changing US appearance over
time can help make the diagnosis. The initial bright
echogenicity of acute hemorrhage, produced by
fibrin deposition, becomes less echogenic and even-
tually fluid-like as the fibrin dissolves and the clot
lyses (SURRATT and SIEGEL 1991). A complex cystic
ovarian mass may often be treated conservatively,
particularly if there are no features suggesting the
presence of torsion. In these cases, US follow-up is
necessary until complete resolution.

In adnexal torsion, the ovary twists with the vas-
cular pedicle. Torsion leads initially to compromise
of lymphatic and venous drainage, followed later
by arterial occlusion and thrombosis and eventual
hemorrhagic infarction of the involved organs. It is
most common in prepubertal girls, due to increased
adnexal mobility prior to menarche. Right-sided tor-
sion is more common as the sigmoid colon prevents
excessive movements of the left ovary and fallopian
tube. Adnexal torsion is a true surgical emergency
which clinically may mimic acute appendicitis,
gastroenteritis, or intussusception. The pain may
be intermittent and localized to one or other lower
quadrant, or it may be severe, acute, and general-
ized. Associated nausea, vomiting, or constipation
may occur. A palpable abdominal mass and a para-
lytic ileus may also be present. US is the most impor-
tant imaging modality for the diagnosis of adnexal
torsion. The US findings are variable. Typically, the
ovary involved appears noticeably enlarged, with
multiple enlarged peripheral follicles (GRaIF and
ITzcHAK 1988) (Fig. 1.85), being hard to delineate
from the little uterus that is often displaced anteri-
orly. This appearance is seen in 60%-75% % of cases
of torsed normal adnexa. However, the ovaryappear-
ance may vary depending on the degree of internal
hemorrhage, stromal edema, and infarction which
has occurred by the time it is diagnosed. Other gray-
scale imaging appearances include a purely cystic, a
mixed cystic-solid, or a solid adnexal mass lesion.
Fluid may be present in the pouch of Douglas.

Doppler studies may demonstrate absent or
reduced central venous and arterial flow. However,
complete absence of Doppler signal alone is not a
specific finding as flow may be difficult to obtain
even in normal ovaries. In addition, low velocity
peripheral arterial flow (less than 5 cm/s) may per-
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Fig. 1.84a-d. Several appearances of symptomatic ovarian cysts. a Luteinic cyst. Well-defined hyperechogenic mass in the
left ovary (arrows). Regardless of its echo pattern, it typically shows through-transmission due to its underlying cystic na-
ture. Control performed 6 weeks later demonstrated a normal left ovary. b Hemorrhagic ovarian cyst. Complex cystic mass
(arrows). ¢ Longitudinal US scan in an adolescent patient with acute abdominal symptoms. A cystic mass (C) is observed
behind the uterus (U) in the cul-de-sac. Another complex mass (M) is present above the cyst and uterus. d Axial US scan
of the same patient demonstrates no flow within the mass on color Doppler sonography. Surgery demonstrated the cystic
mass to be a teratoma and the complex mass to be a hemorrhagic cyst. B, bladder

sist due to ovarian dual blood supply. The presence
of damped arterial and venous flow or absent arterial
and damped venous flow has also been described as
being associated with adnexal torsion. If torsion is
intermittent or incomplete, then Doppler study may
be normal (HURTH et al. 2002).

Pelvic inflammatory disease is increasing in inci-
dence in sexually active adolescents, and is due to
either Chlamydia trachomatis or Neisseria gonor-
rhea infection. Infection ascends from the cervix to
involve the endometrium and fallopian tubes. The
fallopian tubes become edematous and hyperemic

and are filled with pus, which may spill over into
the peritoneum causing peritonitis. If the fimbri-
ated ends of the fallopian tubes become adherent
to the ovaries, the tubes may obstruct and distend
with fluid, resulting in a hydrosalpinx, or with pus,
resulting in a pyosalpinx. The infection may extend
to the ovaries, resulting in a tubo-ovarian abscess.
Clinically, patients with pelvicinflammatory disease
present with pelvic pain that may worsen during
or just after menstruation. Dysfunctional uterine
bleeding and dysuria may also appear. Ultrasound
is the primary imaging modality, the sonographic
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Fig. 1.85a-e. Ovarian torsion. a,b Longitudinal US scan
shows an echogenic mass with tiny cyst behind the uterus
(U) in the cul-de-sac. The little prepuberal uterus is dis-
placed anteriorly, and it is hard to delineate it from the mass
(arrows). ¢ Color Doppler showing the absence the flow in
the center of the ovary. d Surgical specimen. e In vitro study
of the ovary. Multiple edematous immature follicles may be
visualized in the ovary not only in the periphery but in the
whole ovary. B, bladder
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Fig. 1.86a,b. Hydrocolpos due to an imperforate hymen. a,b Transversal and longitudinal US images show a dilated vagina
(arrows) behind the bladder. U, uterus. B, bladder

findings varying according to the extent of the dis-
ease. Endometritis may lead to enlargement of the
endometrium and fluid may be seen in the endo-
metrial cavity. Pyosalpinx manifests as thickened
and dilated fallopian tubes containing debris-laden
fluid and septations. A tubo-ovarian abscess usually
appears as a complex and heterogeneous adnexal
mass, commonly accompanied by free fluid in the
pouch of Douglas. Transvaginal US gives better ana-
tomical detail of the inflamed adnexal structures
and may obviate the need for laparoscopy in adoles-
cents with pelvic inflammatory disease (BuLas et al.
1992). In severe cases, CT and MRI can be useful in
demonstrating the extent of the disease throughout
the abdomen and pelvis.

Genital tract obstruction may also be a cause of
acute abdominal pain. It may present with pain and
amenorrhea in adolescence and is usually due to an
imperforate hymen, but it may also be due to vaginal
or cervical atresia. With an imperforate hymen, the
menstrual products during menarche collect in the
vagina and uterus, producing an hydrometrocolpos.
In vaginal or cervical atresia, the products may col-
lect in the fallopian tubes and broad ligament. The
diagnosis is easily made by US when the fluid-filled
vagina and dilated uterus are seen behind the blad-
der (Fig. 1.86). It is not unusual that, after a urine
culture is performed for suspected urinary tract
infection, the patient undergoes US with an empty
bladder. In these situations, special attention must
be paid not to mistake a fluid-filled vagina with a
full bladder. Identification of the dilated uterus in

the cranial aspect of the cystic structure that occu-
pies the pelvis can help make the right diagnosis.
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2.1
Anatomy and Development of the Esophagus

2.1.1
Development

The esophagus and trachea form from a single
common tubular structure that separates into an
anterior laryngotracheal groove and a posterior
esophagus (CoLLINS 1995). Development of the
esophagus begins in the fourth week of fetal life
when the respiratory diverticula, or lung buds,
appear on the ventral wall of the foregut at the border
with the pharyngeal gut. Lateral invagination of the
mesodermal esophagotracheal septum gradually
partitions this diverticulum from the foregut, thus
dividing into the ventral respiratory primordium
and the dorsal esophagus. Epithelial growth obliter-
ates the lumen, which recanalizes at the tenth week
(SADLER 2000). The esophagus is initially short,
but lengthens rapidly with descent of the heart and
lungs, and attains normal length by 7 weeks. Occa-
sionally, the esophagus fails to lengthen sufficiently,
and the stomach is pulled up into the esophageal
hiatus through the diaphragm, resulting in a con-
genital hiatal hernia (SADLER 2000). The common-
est congenital anomalies, i.e. the tracheoesopha-
geal fistula/esophageal atresia complex, esophageal
stenosis, duplication cysts and bronchopulmonary
foregut malformations, are the result of disruption
of the normal sequence of separation of the airway
from the foregut. The upper esophageal sphincter
and normal peristaltic activity are well developed by
33 weeks, and continue to mature in the post-natal
period (JADCHERLA et al. 2005).
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2.1.2
Anatomy

The esophagus is a muscular tube that connects the
pharynx at the level of the inferior border of the cri-
coid cartilage at C6 to the cardia of the stomach at
the level of T11 (MESCHAN 1975). The course of the
esophagus is approximately vertical, with a gentle
curve to the level of the lower neck. The esophagus
gradually returns medially at the level of T5, inclin-
ing again to the left at the level of T7, and finally
inclining anteriorly to traverse the diaphragm at T10
(BANNISTER 1995). The esophagus lies anterior to the
spine, and its course parallels the curves of the cervi-
cal and thoracic spine. Apart from the appendix, the
esophagushas the narrowestlumen of the alimentary
tract. Four anatomic sites of constriction occur at
which the esophageal lumen becomes even narrower.
These include: at the cricopharyngeus muscle, the
level where the aortic arch crosses the esophagus, the
level at which theleft main stem bronchus crosses the
esophagus just below the carina, and the level of the
esophageal hiatus in the diaphragm. A foreign body
oralarge food bolus maylodge at one of these natural
constrictions and thereby obstruct the esophagus.
The lower esophageal sphincter, or vestibule, is at the
level of, or below, the diaphragm and is held in place
by the phrenico-esophageal membrane. The lower
esophageal sphincter is formed by smooth muscle
fibers that surround the intra-abdominal esopha-
gus. These fibers remain contracted except during
swallowing and vomiting. Sphincteric action is also
provided by the diaphragmatic crura that surround
the esophagus. The crural muscle fibers constrict
the esophagus during inspiration and when intra-
abdominal pressure is raised and prevent gastro-
esophageal reflux (BANNISTER 1995). The acuteness
of the angle of the gastroesophageal junction also
prevents reflux.

The esophagus is lined by a thick mucosa of
non-keratinized squamous epithelium that pro-
vides an impermeable barrier and, together with
surface mucus, protects against mechanical injury.
The muscularis mucosae is made up of longitudi-
nal smooth muscle that becomes thicker distal to
the pharynx. The mucosa is loosely attached to the
muscularis mucosae. The muscularis consists of an
outer, thicker longitudinal layer and an inner circu-
lar layer. Accessory slips of muscle fibers attach and
anchor the esophagus to adjacent thoracic organs
and to the pleura. Striated skeletal muscle occurs in
the upper two-thirds of the esophagus, while only

smooth muscle is found distally. In the empty state,
the mucosa is thrown into a series of parallel longi-
tudinal folds. It is these folds that give the esopha-
geal lumen a stellate appearance so characteristic in
cross section. Mucosal folds are not a feature of the
neonatal esophagus, which is smooth in outline.

2.2
Radiological Techniques of Examination

An empty esophagus is not visible on plain radio-
graphs or CT. However, the esophagus is not uncom-
monly outlined by air in a child that is crying and
swallowing large amounts of air (Fig.2.1). An air-
filled esophagus is also frequently seen in neonates
ventilated with continuous positive airway pressure
(CPAP), as well as in those with tracheo-esophageal
fistula, esophageal stricture and achalasia (Fig. 2.2).
In children with developmental delay, air in the
esophagus is a common finding, and is usually sec-
ondary to reflux.

Despite the current emphasis on the superb diag-
nostic possibilities of CT and MR, the conventional
barium examination still remains the most impor-
tant modality for evaluating patients with dyspha-
gia, gastroesophageal reflux and other symptoms
referable to the esophagus (LEVINE and RUBESIN
2005). The barium swallow, or esophagram, pro-
vides anatomic and functional information about
the esophagus along its entire course. Radiation
safety and dose reduction are important factors to
consider for pediatric imaging, and fluoroscopy
time must be carefully monitored. Dose reduction
is achieved with low-dose pulsed fluoroscopy. “Last
image hold” on the monitor helps to reduce fluoros-
copy exposure. Because fine mucosal detail is not
the main object in routine esophagrams, image cap-
ture from the disc provides sufficient information
without additional radiation.

Barium suspension is the most frequently used
contrast medium. Children above 6 months of age
who are reluctant to drink barium may be encour-
aged by adding additional flavoring to the barium.
Any commercially available chocolate syrup or
instant drinking chocolate powder renders the
barium more palatable without altering its radio-
graphic characteristics. It is advisable to check for
allergies and to be aware that some commercial
flavoring preparations contain allergenic products.
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Fig. 2.1a,b. Air outlining a normal esophagus. AP (a) and lateral chest (b) radiographs of a crying infant with an air-filled

esophagus (arrow)

Fig.2.2. Air-filled esophagus. Esophageal malposition of
the endotracheal tube with resultant gaseous gastric and
esophageal distention and right upper lobe atelectasis

Some children find chilled barium more palatable.
Barium must not be used if either esophageal per-
foration or massive aspiration is suspected. Such
patients are best studied with water-soluble low
osmolar non-ionic contrast media. Gastrografin,
due to its high osmolality, should never be used in
infants or in any patients lacking adequate airway
protection. Its use must be restricted to older, stable
and neurologically unimpaired patients.

Children who are to undergo barium swallow
examinations must be fasting. A child who is not
hungry will simply refuse to drink barium. The
duration of fasting depends on the child’s age, and
should be no longer than the child’s routine time
between feeds. Premature infants should fast 2-3 h,
and infants up to 3 months fast 3-4 h. Children
above 2 years can fast up to 6 h. To minimize paren-
tal and patient discomfort, fasting children are best
scheduled for examinations early in the morning.
Older children and adolescents will be most com-
fortable swallowing barium in the erect position.
Infants and younger children are examined recum-
bent, and require immobilization. Effective immo-
bilization decreases fluoroscopy time, and ensures
clear and diagnostic images. Safe and convenient
immobilization is accomplished with a device such
as the Octagon board (Octostop, Laval, Qc, Canada)
which enables immobilization, as well as rotation
of the child into any position, including true lateral
and oblique. This device facilitates positioning with
the infant’s arms above the neck so that the esopha-
gus is not obscured during fluoroscopy. Barium
can be very conveniently administered with the
modified Poznanski technique using an 8-F feed-
ing tube inserted through the end hole of a nipple
and injected via syringe (KunNs and PozZNANSKI
1972; PozNANSKI 1969). The side holes of the feed-
ing tube are further from the tip, so the tube must
be advanced all the way through the nipple and
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the protruding 1-cm cut so that the tube is almost
flush with the nipple in order to prevent gagging.
When the nipple is loosely attached to the face with
paper tape, this “hands free” technique ensures that
no hand or bottle obscures the mouth or pharynx
during the examination and also decreases expo-
sure to the radiologist. Barium is injected at a rate
that is easily judged by observing a few trial sips
of contrast medium prior to commencing fluoros-
copy. This rate of administration of barium should
be maintained to prevent aspiration. Older children
may be fed from a cup or they may drink through a
straw if they are examined in the upright position.
When evaluating for gastroesophageal reflux, the
volume of barium administered should be the same
as that of a normal feed. If the child refuses to drink
sufficient barium, the volume can be augmented
with milk or juice after the anatomy to the level of
the duodenojejunal flexure has been evaluated.
Swallowing begins in the mouth when chewed
food or liquid reach the back of the tongue which
then elevates and propels the oral contents poste-
riorly to the pharynx while the soft palate elevates
to occlude the nasopharynx. The larynx and hyoid
bone are seen to elevate as the oropharynx con-
tracts, propelling the bolus distally while the epi-

Fig. 2.3. Normal mucosal folds. Parallel linear mucosal in an
infant’s empty esophagus

glottis closes to protect the airway. The oral and
pharyngeal phases of swallowing are evaluated in
the lateral position to avoid overlap with the skull
and spine. Peristalsis begins in the cervical esopha-
gus, and the bolus passes inferiorly with a smooth
primary stripping wave (SCHLESINGER and PARKER
2004). Distal to the cervical esophagus, the esoph-
agus is evaluated in the oblique position and true
lateral, thus projecting the esophagus off the spine
and avoiding overlap. Gravity helps the esophagus
to clear, and infants with poor esophageal motility
may benefit by tilting the fluoroscopy table into a
more upright position. The distended esophagus has
a smooth and regular outline. In its collapsed state,
the mucosal folds appear as parallel, longitudinal
lines 1-2 mm thick (Fig. 2.3). The esophagram in
children should always include the stomach and the
duodenum to the level of the duodenojejunal flex-
ure to observe gastric emptying and to document
normal bowel rotation. Cross-sectional imaging has
limited application in evaluation of the esophagus,
but is invaluable in cases with extrinsic compressive
masses and vascular rings.

2.3
Disorders of Swallowing

Feeding difficulty is not an uncommon symptom
in children, reportedly occurring in 25% of chil-
dren (MILLER and WILLGING 2003). The causes of
pediatric dysphagia are varied and complex, and
may be physiologic or behavioral. The majority of
children with dysphagia have a neurological cause,
and may be due to cranial nerve palsies, cerebral
palsy and meningomyelocele. Structural craniofa-
cial anomalies predispose to dysphagia (LIFsCHITZ
2001; M1LLER and WILLGING 2003). Swallowing dys-
function with aspiration is common in full-term
infants less than 1 month of age and improves with
age (VazqQuEez and BuoNoMmo 1999).

The video esophagram, or modified barium swal-
low, is the standard technique to evaluate dyspha-
gia. This examination is more sensitive than clinical
evaluation of aspiration (DEMATTEO etal. 2005),and
is also more sensitive than the conventional upper
GI series for the detection of aspiration (VAZQUEZ
and BuoNomo 1999). A scout radiograph of the chest
should be obtained to assess for evidence of aspira-
tion. For the examination, the child must be securely
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maintained sitting in the true lateral position, best
accomplished in an infant feeding seat. Participa-
tion of the parents and caregivers helps to reassure
the child, and recreates some aspect of daily feeding.
The child’s own speech therapist or feeding therapist
should optimally be present during the examination
to witness the events. The therapist can observe the
optimal food volume and consistency and compen-
satory maneuvers that assist swallowing (FERNBACH
1994). Boluses of different consistencies are fed.
Young children are given liquids, though the den-
sity of various liquids may vary. The examination in
older children begins with thin liquid barium, pro-
ceeding to feeds with a mixture of barium thickened
with pudding or pureed food, and finally with more
solid food such as barium-coated crackers. Barium
densityinfluences the swallowing mechanism. High-
density barium has a slower transit time, causing the
upper esophageal sphincter to open later, to remain
open for longer and to delay its closure (DANTAS et
al. 1989). The actions of swallowing occur too rapidly
to be observed fluoroscopically, therefore the entire
examination is recorded on videotape, or if unavail-
able, with standard fluoroscopy set at a frame rate of
2-3/s. The recorded examination can be repeatedly
reviewed without additional radiation. Review of the
tapes is important when there is a need to assess the
patient multiple times as treatment or the disease
progresses. Multiple swallows in each series must
be reviewed because changes can occur in the same
cycle after episodes of normal swallowing. Infants
may tire as feeding progresses, and may have dif-
ficulty maintaining their airway so the study should
be continued after the first few uneventful swallows
(NEWMAN et al. 2001). Pulsed fluoroscopy cannot be
used during video esophagrams as it may prevent
detection of fleeting episodes of penetration and
microaspiration (MERCADO-DEANE et al. 2001). The
unfortunate necessity of using standard fluoroscopy
results in the child’s receiving a higher radiation
exposure to the thyroid gland than during a conven-
tional esophagram.

Abnormalities occur at all levels during swallow-
ing: in the oral, pharyngeal and esophageal phases.
The modified barium swallow is used to identify the
level of pathology so that therapy or treatment can
be given. In the oral phase of swallowing, the abnor-
mality may have an anatomic etiology such as micro-
gnathia or macroglossia. Children on long term tube
feeding may be unused to feeding, and they may
simplyrefusetoeat.Severelyneurologicallyimpaired
children may be unable to suck or they may lack

sufficient tongue control to latch onto and maintain
control of the nipple. Suckling deficits also manifest
with weak and deficient tongue motion, inability
to compress the nipple and early tiring (KRAMER
1989). Oral motor dysfunction occurs with moderate
or severe cerebral palsy and developmental delay.
Incomplete buccal closure leads to drooling, and
abnormal tongue and jaw motion (KRAMER 1989).
Those neurologically impaired children unable to
elevate the soft palate experience nasopharyngeal
incoordination and nasopharyngeal reflux (Fig. 2.4).
Occasional nasopharyngeal incoordination is most
commonly due to transient swallowing incoordi-
nation. Retropharyngeal masses such as teratoma,
lymphoma and abscess can rarely cause dysphagia.
Cricopharyngeal achalasia, or failure of relaxation
of the cricopharyngeus muscle, is most commonly
secondary to gastroesophageal reflux. Signs of cri-
copharyngeal achalasia include absent, delayed or
incomplete opening or early closure of the sphincter.
Laryngeal penetration occurs when barium enters
an incompletely protected airway below the level of
the vocal cords and trachea during swallowing. It is
important to document whether aspiration induces

L =

Fig.2.4. Nasopharyngeal and tracheal aspiration. Barium
outlines the nasopharynx (n) and the trachea (¢). Only a trace
of barium remains in the esophagus
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a cough reflex. Penetration is different from aspi-
ration, which occurs during respiration (KRAMER
1989). Aspiration should be documented with a post-
examination chest radiograph. The examination
must be terminated if aspiration occurs and causes
changes in vital signs. If the child remains stable
after aspiration, the examination can proceed. The
aim of the study is to determine if there is a safe way
that food can be given, and after aspiration, it may
be necessary to change to barium of another density,
to use another type of nipple or to change the pace
of feeding. Co-ordination of swallowing improves
with age, and follow up examinations are an effec-
tive means to monitor improvement.

24
Congenital Abnormalities

2441
Esophageal Atresia and
Tracheo-esophageal Fistula

Esophageal atresia (EA) and tracheo-esophageal
fistula (TEF) are common congenital anomalies,
encountered in approximately 1 in 3,500 births
(SHAW-SMITH 2005). They are part of a spectrum
of congenital anomalies that arise from defective
formation of the esophagus or abnormal commu-
nication between the esophagus and trachea. It
has been suggested that tracheo-esophageal fistula
is the result of incomplete infolding of the lateral
mesodermal walls that separate the developing
esophagus from the trachea. Atresia is thought to
result when the lateral folds of mesoderm occlude
the esophageal lumen (BERROCAL et al. 1999). Intra-
uterine anoxia and vascular compromise can cause
focal esophageal necrosis that may result in atresia
or a fistulous connection between the esophagus
and adjacent trachea (BARNARD 1956). Five types
of anomalies occur: EA with a distal fistula to the
trachea, accounts for more than 80% of cases, esoph-
ageal atresia without a fistula occurs in 10%, and an
isolated H-fistula accounts for 6%. Atresia with a
distal and a proximal fistula occurs in about 1%, and
the rarest, atresia with a proximal fistula, accounts
for fewer than 1% (CuMMING 1975). Children with
esophageal atresia have the most urgent clinical pre-
sentation due to their inability to swallow salivary
secretions which then overflow and are aspirated

into the airway. Respiratory distress may be exac-
erbated by gastroesophageal reflux from the distal
esophageal segment into the airway when a distal
fistula is present. Inability to pass an orogastric tube
confirms the clinical diagnosis. Fistulae between the
esophagus and trachea are in the midline. Although
classically described as an H-fistula, the connection
to the esophagus has an upward, oblique course that
assumes an N-shape. A small isolated fistula with-
out atresia may be less symptomatic and asymptom-
atic until late childhood (KAPPELMAN et al. 1969)
whereas a large fistula will be more likely to present
earlier. Intrauterine distention of the blind-ending
esophageal pouch compresses the adjacent trachea,
inhibits development of the normal C-shaped tra-
cheal rings and causes tracheomalacia which most
commonly affects the proximal two-thirds of the
airway. The trachea retains a U-shape with a wide
posterior membranous portion, leading to tracheo-
malacia (KovEst and RuBIN 2004).

EA and TEF are frequently not isolated and occur
in association with other congenital anomalies in
25% of children; in children with isolated EA, the
incidence of associated anomalies is even higher,
affecting 50%-70% of patients (KovEsI and RUBIN
2004). The VACTERL association is an acronym
for a complex of anomalies that may affect various
systems (vertebral, anorectal, cardiovascular, tra-
cheoesophageal, renal and the limbs) (Quan and
SMITH 1973; FERNBACH and GLAss 1988). The most
frequently encountered anomalies associated with
EA and TEF are cardiac (35%), genitourinary (24%),
gastrointestinal (24%), skeletal (13%) and central
nervous system (10%) (Kovesr and RUBIN 2004).
Approximately 8% of infants with esophageal atre-
sia have aortic arch anomalies, and approximately
5% of infants with EA have a right aortic arch (BABU
et al. 2000). Once the diagnosis of EA is established,
prompt evaluation of clinically significant abnor-
malities (cardiac and renal) should be undertaken.
Limb anomalies can be evaluated later as they are
not of critical importance.

Until the twentieth century, esophageal atresia
was a condition incompatible with life. Survival
is now routine, dependent on the severity of other
associated anomalies. Treatment of a TEF is surgi-
cal closure of the communication. Primary surgical
anastomosis is the treatment of choice for EA, but
this may be complicated with a long atretic segment.
Staged repair is reserved for very ill and unstable
children, or those with a long atretic gap (CUMMING
1975).
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2.4.141
Radiological Findings

The radiological appearance varies with the type of
lesion, whether there is esophageal atresia, fistula
or both. The initial radiograph must include the
entire abdomen to assess for the presence of bowel
gas (Figs. 2.5 and 2.6). The abdomen is characteristi-
cally gasless in the absence of a fistula, whereas in
the presence of a distal fistula, the abdomen has a
normal bowel gas pattern. Features of esophageal
atresiaare characteristic. The proximalblind-ending
pouch is lucent and distended with air, often with a
coiled esophageal tube. The lateral chest radiograph
confirms the distended esophagus which displaces
the airway anteriorly, markedly narrowing the tra-
cheal lumen (Fig. 2.7). The cervical esophagus can
become quite distended in children on nasal con-
tinuous positive airway pressure (CPAP) and have
a similar appearance to EA (WALOR et al. 2005).
A right-sided aortic arch occurs in 5% of children

"
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Fig. 2.5. Esophageal atresia with distal tracheoesophageal
fistula. The orogastric tube tip is in the blind-ending esopha-
gus and gas is present in loops of bowel in the abdomen. Note
the right cervical rib and left 13 rib

with EA/TEF and may be difficult to see on the plain
chest radiograph of infants (BERDON et al. 1979).
Pre-operative echocardiography should be routinely
done in these babies to evaluate the heart and the
aortic arch in order to plan surgical access on the
side contralateral to the aortic arch. The radiograph
should be evaluated for vertebral and limb anoma-
lies (Fig. 2.8).

A “pouchogram” of the atretic proximal esopha-
gus is not usually necessary because of the low inci-
dence a fistula from the proximal pouch (Fig. 2.9). In
addition, this is a dangerous procedure if improp-
erly performed. Air or non-ionic isotonic con-
trast medium can be injected to distend the pouch
(Fig. 2.10). Over distention of the pouch with con-
trast medium will invariably result in aspiration
so only a small volume of contrast medium, not
exceeding 1-2 ml, is injected into the blind-ending
pouch with the child in the true lateral position.
Contrast medium must be removed at the end of the
procedure.

il

Fig. 2.6. Esophageal atresia without distal tracheoesopha-
geal fistula. The abdomen is gasless. Duodenal atresia was
diagnosed at the time of surgical repair
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Fig. 2.7. Tracheomalacia. Lateral radiograph with  Fig. 2.8. Esophageal atresia with vertebral anomalies. Newborn with
the orogastric tube in the distended atretic proxi- EA and a long gap not amenable to primary repair. Pneumoperito-
mal esophagus and markedly decreased caliber of neum followed the recent laparotomy. The esophageal tube is in the

the airway at the same level

-

Fig. 2.9. AP “pouchogram”. Contrast medium
demonstrates esophageal atresia. The abdo-
men is gasless in the absence of a distal fis-
tula. The left scapula is winged and elevated
(Sprengel deformity)

blind-ending esophagus. Note the vertebral segmentation anomalies
and corresponding missing right sided ribs

Fig. 2.10. Lateral “pouchogram” with esophageal atresia and proximal tra-
cheoesophageal fistula. Contrast medium fills the blind-ending esophageal
pouch and a narrow fistula connects to the trachea
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AnH-type fistulais often difficult to demonstrate.
The barium esophagram, performed to evaluate
swallowing and possible aspiration, may reveal the
TEF (Fig. 2.11). If the barium esophagram is normal,
and suspicion of TEF is high in an infant with recur-
rent aspiration pneumonias or cyanotic episodes,
a more invasive investigation is required. For this
procedure, the infant is placed on the octagon board
in the true lateral position. Prone positioning is not
necessary. The lateral position will give the best
unobstructed view of the esophagus and airway,
and gives the best access for suctioning. The correct
examination technique is with a nasogastric tube
inserted into the esophagus to the level of the carina.
The tube is slowly withdrawn while low-osmolar
non-jonic contrast medium is being injected at a
rate sufficient to distend the esophagus. The fluoros-
copist must always visualize the larynx during the
esophagram to be able to differentiate whether tra-
cheal contrast entered through a fistulous connec-
tion or by aspiration. The upper cervical esophagus
is the commonest location for an H-type fistula, and
it is here that greatest care must be taken in order
not to overfill the esophagus and cause spill into the
airway and aspiration, and also not to miss a subtle

Fig. 2.11. Tracheoesophageal fistula. The fis-
tulous connection to the trachea was opaci-
fied during the barium swallow examination.
The fistula has an oblique cephalad course

fistulous track. The fistulae are muscular tubes that
are not constantly open. They are thought to open
during respiration and with swallowing. The fistula
will be missed if it is temporarily plugged with food
or mucus. It is not uncommon for the fistula not to
be demonstrated the first time, thus requiring more
than one contrast examination.

2.4.2
Post-operative Appearance and Complications

The immediate post-operative changes, as well as
the later complications, have specific appearances.
The underlying abnormalities of the esophagus
and airway may produce problems throughout the
child’s life.

The earliest acute complication of surgery may be
an anastomotic leak, occurring in up to 17% of cases
(Kovest and RuBIN 2004). Most leaks resolve spon-
taneously with conservative management: drainage
of the leak and esophageal rest. However, up to 50%
of those with a prior anastomotic leak will develop
an esophageal stricture (KovEesi and RuBIN 2004).
The commonest late complication in all children
with EA and TEF is esophageal stricture, affecting
between 6%-40% (ENGuUM et al. 1995). Strictures
are more common in the presence of gastroesopha-
geal reflux (GER). Strictures are not uncommonly
complicated by foreign body impaction. Strictures,
when present, must be differentiated from congeni-
tal esophageal stenosis. Re-fistulization occurs in
approximately 9% of patients, and may occur as
early as 11 days up to 18 months after primary repair
(CuMMING 1975; BENJAMIN 1981). Poor esophageal
motility and reflux occur in 75%-100% of children
with EA and TEF surgery, caused by abnormal in
utero development of the esophageal myenteric
plexus. GER and dysphagia are common throughout
the lives of affected children. GER may be due to the
abnormal esophageal myenteric plexus (Kovest and
RUBIN 2004) or due to post-operative changes at the
gastroesophageal junction. Reflux is exacerbated by
poor antegrade esophageal peristalsis. Esophageal
obstruction is commonly encountered due to poor
esophageal motility or strictures.

2.4.21
Radiological Findings

An esophagram with non-ionic water-soluble con-
trast medium is routinely performed 4-7 days after
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surgery to assess the integrity of the anastomosis
prior to commencing feeding. The surgical anas-
tomosis is always narrower than the previously
obstructed proximal pouch, and should not be con-
fused with a stricture (Fig. 2.12). A normal anasto-
mosis will not impede or obstruct the flow of con-
trast medium.

A barium esophagram should be performed with
a change in eating pattern or new onset of dysphagia
that may indicate a stricture. Strictures are usually
treated by repeated dilatation, but treatment is less
successful when associated with reflux (Kovesr and
RUBIN 2004). Drooling and refusal to eat are usually
signs of foreign body or food impaction. Removal of
foreign bodies may be difficult with balloon extrac-
tion because of the capaciousness of the esophagus
that allows the foreign body to fall back into this
segment (CUMMING 1975). CT performed years after
surgical repair of EA and TEF shows the esopha-
gus to be dilated and filled with air and fluid that is

Fig.2.12. Post-anastomotic narrowing of the esophagus.
Routine post-operative swallow with non-ionic isotonic con-
trast medium shows esophageal narrowing at the primary
anastomosis without evidence of hold up. No leak was dem-
onstrated. Tracheomalacia is evident. Contrast medium in
the airway is the result of an episode of aspiration (arrow)

likely a mixture of pooled saliva and refluxed gas-
tric contents, and predisposes to aspiration in the
recumbent position (GRiscom and MARTIN 1990).
The trachea of these children exhibits more variable
cross-sectional variation than in normal subjects
(Griscom and MARTIN 1990). Acquired chest wall
deformities and scoliosis are not uncommon after
thoracotomy for EA repair (CHETCUTI et al. 1989).

24.3
Congenital Esophageal Stenosis

This is an uncommon anomaly, occurring in 1 in
25,000 to 1 in 50,000 live births (MURPHY et al. 1995).
Some consider esophageal stenosis to be a very mild
variant of EA (BERROCAL et al. 1999). The association
with TEF in one-third of cases and other congenital
anomalies in 17%-33% (VASUDEVAN et al. 2002) may
support this theory. Most strictures are localized, 2-
to 3-mm areas of narrowing approximately at the
junction of the middle third and the distal one-third
of the esophagus. Congenital esophageal stenosis may
occur as an isolated narrowing due to ectopic carti-
laginous tracheobronchial remnants, as an incom-
plete membranous diaphragm or web, or a localized
segmental hypertrophy of the muscularis and sub-
mucosal layers with diffuse fibrosis (MURPHY et al.
1995). There is a higher incidence of post-operative
anastomotic leaks in children with TEF who have an
associated congenital esophageal stenosis (NEWMAN
and BENDER 1997). Esophageal stenosis usually pres-
ents when solid food is introduced or after impaction
of a foreign body. In older children the differential
diagnosis includes strictures due to reflux, caustic
ingestion and sequelae from surgery. The diagnosis
should be considered in an infant with dysphagia
or with an impacted foreign body after EA repair.
Esophageal stenosis must be considered in any child
with acute dysphagia or foreign body impaction even
without the antecedent history of atresia.

Treatment is resection with end-to-end esopha-
geal anastomosis. Dilatation has a high incidence
of esophageal perforation, especially in young chil-
dren, and may be related to the length of the stric-
ture and its transmural involvement (NEWMAN and
BENDER 1997). The diameter of the lumen increases
with age and growth of the patient, and with repeated
dilatations, but will never be normal (NEwMAN and
BENDER 1997). Some patients will benefit from ini-
tial dilatation, but most ultimately require surgery
(AMAE et al. 2003).
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2.4.31
Radiological Findings

A congenital web appears as an oblique or transverse
filling defect in the column of barium, and may be at
the same level as a TEF. The esophageal narrowing is
smooth and well defined, without evidence of ulcer-
ation. Barium swallow reveals an abrupt narrowing
in the lower esophagus or a gradually tapering ste-
nosis (Fig. 2.13) (AMAE et al. 2003). Dilatation of the
proximal esophagus reflects a high grade stenosis.
Filling defects in the barium column can represent
a foreign body or food bolus. The entire esophagus
must be evaluated after surgical correction of EA.
The contrast swallow may reveal an unsuspected
congenital esophageal stricture (VASUDEVAN et al.
2002). The stenosis will be missed if the bolus of
contrast medium is insufficient to cause adequate
distention of the esophagus. Occasionally, a naso-
gastric tube is required to administer an adequate
bolus to distend the entire esophagus. The esoph-
agus must be evaluated dynamically during fluo-

Fig. 2.13. Congenital esophageal stenosis. Barium swallow
reveals a discrete annular narrowing in the distal esophagus.
Tracheobronchial rests were found at pathology

roscopy to ensure that a stenosis is not missed or
confused with spasm or peristalsis (NEwMAN and
BENDER 1997).

244
Esophageal Duplication

The esophagus is the second most common location
of duplication after the ileum, and accounts for 15%-
20% of all duplications. It has been suggested that
duplications result from aberrant luminal recanali-
zation (BREMER 1944 ). In the 5"-6" week of intra-
uterine life, the foregut is covered by cells similar to
those of the respiratory tract. The epithelium grows
and obliterates the lumen, later producing secre-
tions that form intercellular vacuoles that coalesce
to form the new lumen. Failure of localized vacu-
ole formation results in a cyst, which then migrates
laterally into the esophageal wall and becomes sur-
rounded by the muscular layer. Due to elongation
of intrathoracic viscera, the cysts are commonly
found in the lower esophagus. Complete esophageal
duplication is extremely rare, and is often associated
with gastric duplication (SINGLETON and KING 1971;
HERMAN et al. 1991). Esophageal duplication cysts
are treated by excision.

2.4.41
Radiological Findings

Most esophageal cysts are detected incidentally on
chest radiographs as mediastinal masses (Fig. 2.14).
The esophagram demonstrates a well defined extrin-
sic soft tissue mass displacing the esophagus. The
role of cross-sectional imaging is to differentiate
the cyst from a solid mass such as neuroblastoma or
sequestration and to show its relationship to adja-
cent vital structures. CT reveals a well defined fluid
containing, non enhancing mass. Cyst contents have
water-like characteristics on MR.

2.4.5
Esophageal Bronchus

Bronchopulmonary foregut malformations are rare
congenital anomalies that are characterized by a fis-
tula between an isolated portion of respiratory tissue
and the foregut (SRIKANTH et al. 1992). Of these mal-
formations, the esophageal bronchus communicating
with the lower esophagus is the most common. Com-
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Fig. 2.14a-d. Esophageal duplication cyst. a AP chest radiograph without appreciable abnormality. b Lateral chest radio-
graph with anterior bowing and narrowing of the airway above the carina. ¢ Barium esophagram confirms the presence of
a soft tissue mass. d Contrast-enhanced CT shows the cyst posterior to the airway, and deforming the airway (arrow)

munication with the stomach is rarer. The abnormal
communication develops when the lung sacs come
into close contact with the esophagus and a part of
the lung bud connects with the esophagus through a
focal mesodermal defect. The attached portion of lung
tissue, covered by mesenchyme, is carried away by the
rapidly elongating esophagus (SRIKANTH et al. 1992).
The arterial supply is variable and may arise from
the pulmonary artery or the aorta and its branches.
Venous drainage is commonly to the left atrium, but

may also be systemic (LEITHISER et al. 1985). This
malformation is frequently associated with other
anomalies. The abnormal connection to the respira-
tory tract causes respiratory distress, coughing with
feeds and recurrent pneumonias.

Treatment is resection of the anomalous pulmo-
nary tissue which is often hypoplastic and destroyed
by infection. If detected early enough before pulmo-
nary damage has occurred, tracheal reimplantation
is preferred to resection (MICHEL et al. 1997).
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2.4.51
Radiological Findings

The chest radiograph reveals opacification of the
involved lung, and the communication is confirmed
with a contrast examination of the esophagus and
stomach (Fig.2.15). Non-ionic isotonic contrast
medium is the safest choice to minimize pulmo-
nary complications such as acute pulmonary edema.
Angiography is necessary to demonstrate adequate
blood supply and venous drainage. CT will reveal
signs of destroyed pulmonary parenchyma, which
include atelectasis, bullae and abscesses. CT angi-
ography (CTA) can demonstrate the source of arte-
rial blood supply, its adequacy and venous drainage.
Lung volume estimation can also be done with CT
as part of the pre-surgery evaluation.

2.4.6
Vascular Ring Abnormalities

Vascular rings are uncommon. They are formed by
vascular and ligamentous structures that encircle
the airway and esophagus, causing extrinsic com-
pression and obstruction of these hollow structures.
Rings form as a result of developmental failure of
parts of the paired 46" aortic arches (BONNARD
et al. 2003). Almost 20% of vascular ring malforma-
tions occur in association with congenital cardiac

Fig. 2.15. Esophageal bronchus. Barium esophagram demon-
strates that the right main bronchus arises from the esopha-
gus. The right lung is completely opacified

anomalies. Some rings are incomplete and asymp-
tomatic, and are only incidentally discovered on
chest radiographs or esophagrams. Symptoms vary
with the degree of constriction of the vascular ring
around the airway and esophagus. It is not surpris-
ing that the double aortic arch, which encircles the
airway and the esophagus, causes the most severe
symptoms. A double aortic arch is formed by alarger
superior rightaorticarch and a more inferior smaller
left aortic arch. Symptoms from vascular rings are
principally respiratory. Gastrointestinal symptoms
and dysphagia are less common, and are more often
encountered with a left retroesophageal subclavian
artery arising from a right aortic arch (BONNARD
et al. 2003). A right aortic arch with mirror-image
branching acts like a vascular ring if the left ductus
arteriosus passes between the right descending
aorta and the left pulmonary artery.

The treatment is surgical relief of the constric-
tion. The basic principle of vascular ring surgery
is to divide non-functional or non-critical compo-
nents of the ring. Surgical relief of the double aortic
arch entails dividing the lesser of the two arches. An
atretic portion is an optimal location for division of
the arch. In cases with a right aortic arch and liga-
mentum arteriosum, the ductus remnant is divided,
and the trachea and esophagus are released from
adhesive bands (BACKER et al. 2005).

2.4.6.1
Radiological Findings

The chest radiograph and esophagram demonstrate
extrinsic esophageal impressions and tracheomala-
cia, as well as the side of the aortic arch. A right sided
aortic arch in a child with respiratory symptoms is
suggestive of a double aortic arch. The next exam-
ination is often a barium esophagram. A normal
esophagram will clearly rule out the presence of a
vascular ring. Symptomatic vascular rings caused
by double aortic arches with bilateral arch patency
cause significant narrowing and anterior bowing of
the trachea, which are apparent on the lateral chest
radiograph and barium esophagram. On the fron-
tal projection, right and left indentations assume
an “S” configuration. The barium esophagram is
helpful to determine which component of a double
aortic arch is larger. Barium swallow can show the
right arch and a posterior esophageal impression
(Fig. 2.16). This type of arch is usually associated
with congenital heart disease. Advantages of the
barium swallow include its ready availability, that
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Fig. 2.16. Anomalous left pulmonary artery. CT with intrave-
nous contrast medium shows the anomalous left pulmonary
artery originating from the right main pulmonary artery,
passing posterior to the trachea between the airway and the
esophagus (arrowhead)

it does not require sedation, an important feature
for children who have airway compromise, and that
it can show extrinsic compression by an atretic vas-
cular segment not delineated by CT or MRI (Woobs
et al. 2001).

Over the last decade, however, the diagnosis of
esophageal rings has changed from barium swal-
low and angiography to cross-sectional imaging
(Figs. 2.17 and 2.18). CT angiography and MRI are
optimal for more precise pre-operative delineation
of the anatomy of the vascular ring (HERNANZ-
ScHULMAN 2005). CT is more quickly performed,
and can often be done without sedation. CT angi-
ography can be completed in 20-30 s, whereas MR
often requires sedation or immobilization for stud-
ies that can take as long as 45 min. The advantage of
CT is visualization of the lungs and bronchi, and the
diagnostic yield is even enhanced with multiplanar
reformations. High-resolution 3D FISP (fastimaging
with steady precession) MRA will accurately define
vascular rings. This bright blood technique differ-
entiates between vascular and non-vascular struc-
tures with higher spatial resolution than spin-echo
(GREIL et al. 2005). The choice of imaging modality
varies with institutional preferences.

2.4.7
Hiatal Hernia

Hiatal hernia and intrathoracic stomach are uncom-
mon in children. This condition may be congenital
and inherited (CHANA et al. 1996). Hiatal hernia
may be secondary to congenital esophageal short-

[

Fig. 2.17.Doubleaorticarch. Barium esophagram with double
extrinsic impressions on the barium column. The dominant
right arch (R) is higher than the smaller left arch (L)

Fig. 2.18.Doubleaorticarch. MRIwith contrast medium.
The dominant right aortic arch and smaller left arch
encircle the airway and the esophagus. The posterior
limb of the vascular ring is atretic (arrowhead)
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ening (CHACKO et al. 1998). Abnormally lax gastric
ligamentous attachments and non-fixation of the
stomach result in intrathoracic herniation in Marfan
syndrome (AL-AssIRI et al. 2005). Though usually
an isolated anomaly, hiatal hernia can occur with
other congenital abnormalities (WANG et al. 1993).
Esophageal clearance time and duration of gas-
troesophageal reflux are prolonged in children with
hiatal hernia, thereby increasing esophageal expo-
sure to acid and causing a higher failure rate of con-
servative therapy (GORENSTEIN et al. 2001).

2.4.71
Radiological Findings

Chest radiographs may reveal gas lucency in an
intrathoracic stomach, occasionally with compres-
sive atelectasis of adjacent lung. The next exami-
nation is the esophagram to confirm intrathoracic
gastric malposition (Fig. 2.19). Gastric rugal folds
of the hiatal hernia extend above the diaphragm or
a portion of the gastric fundus protrudes through
the esophageal hiatus. Sonography can demonstrate
gastroesophageal reflux, as well as delineate the
abnormally short length of abdominal esophagus
and loss of the acute gastroesophageal angle that
occur with a hiatus hernia (WESTRA et al. 1990).

2.5
Acquired Abnormalities

2.5.1
Gastroesophageal Reflux

Gastroesophageal reflux (GER) is very common in
infants and children, and may be physiological in
young infants. The incidence ranges from 18% in
all infants up to 70% in children with underlying
conditions such as tracheoesophageal fistula, neu-
rological deficits and anatomic abnormalities of the
esophagus (McGUIRT 2003). GER decreases spon-
taneously from an incidence of 67% at 4-5 months,
declining to 21% by 6-7 months and to less than
5% by 12 months (NELsON et al. 1997). In young
infants, the short length of the intraabdominal
esophagus and physiologic immaturity of the devel-
oping lower esophageal sphincter contribute to GER,
which invariably improves with the introduction of
solid food. GER resolves spontaneously when most
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Fig. 2.19. Hiatal hernia. This infant with Marfan syndrome
has intrathoracic gastric malposition

infants learn to sit up in the latter part of the first
year of life, suggesting that gravity likely plays a
role in aiding downward passage of esophageal con-
tents. The presentation of GER is variable. In infants,
GER manifests as regurgitation and “spitting up”.
Abdominal pain is a common symptom of GER in
school-age children (HassaL 2005a).

There is a distinction between the common phys-
iologic GER of childhood and pathological gastro-
esophageal reflux disease (GERD). This more severe
form of reflux can interfere with growth, and cause
gastroesophageal and respiratory symptoms. GER
has been linked to asthma, and pulmonary symp-
toms are significantly higher in children with GER
than those without (GoLp 2005). Children and ado-
lescents with GER are more likely to present with
cough and other respiratory symptoms than com-
plaints of “heartburn”. Asthma itself causes GER by
a variety of mechanisms. Hyperinflation changes
the pressure gradient across the lower esophageal
sphincter, increases negative intrathoracic pressure
and alters the relationship between the diaphragm
and lower esophageal sphincter. This may be exac-
erbated by some asthma medications that decrease
lower esophageal sphincter pressure.

While most children with “physiologic” GER will
naturally outgrow the reflux, those children with
underlying abnormalities will not (Borx-OcHoa and
CANALS 1976). The initial treatment for GER is most
commonly thickening of the infant’s formula, feed-
ing smaller amounts per meal and maintaining the
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infant in an upright position after each feed. Esoph-
ageal pH monitoring is the standard and reliable
method to document abnormal gastric acid reflux,
as well as to assess the efficacy of therapy in patients
who do not respond to acid suppression treatment
(RupoLprH et al. 2001). Early diagnosis and treat-
ment will prevent and mitigate complications such
as failure to thrive, refusal to feed and respiratory
disorders. Children above 3 years with GER have a
higher rate of related complications and frequently
require medical or surgical intervention (MCGUIRT
2003). Fundoplication augments the lower esopha-
geal sphincter with a wrap of the gastric fundus; it
is the most common surgical treatment for GER, but
has a high rate of failure, which ranges from 30%-
70% within 1-3 years (HassaL 2005b). Ironically,
those with the greatest need for good reflux control
with neurologic impairment, repaired esophageal
atresia, chronic lung disease have underlying patho-
physiological mechanisms that lead to wrap failure
(HassAL 2005a).

2.5.11
Radiological Findings

GER is the commonest indication for perform-
ing barium esophagram and upper gastrointesti-
nal series in children. To optimize the examina-
tion, the stomach should be filled with the same
volume as with a normal feed. If the child refuses

to drink sufficient barium, the ingested volume can
be increased with formula or fruit juice. The volume
can be supplemented with fluid injected through
an indwelling gastrostomy tube, or the stomach
can be filled through a nasogastric tube which is
removed after filling. Nasogastric tubes maintain
patency of the lower esophageal sphincter and com-
promise its function. Tubes must be removed when
evaluating for reflux. The barium swallow has only
50% sensitivity and specificity for reflux diagnosis
in children (RupoLPH et al. 2001). Reflux of barium
is not diagnostic of GERD, and nor does absence of
reflux rule it out (RuboLpH et al. 2001). The most
important aspect of the barium examination is to
exclude anatomic abnormalities of the esophagus,
to define the level of the duodenojejunal junction
and to define the cephalad anatomic level of reflux,
as well as to document aspiration (Fig. 2.20). Aspira-
tion with reflux may be seen, but is very uncommon
(FERNBACH 1994). A carefully performed upper GI
series may miss significant GER because of the lim-
ited use of fluoroscopic monitoring time and the
relatively short duration of the entire examination.

The radionuclide “milk scan” is a sensitive test for
diagnosing GER (BLUMHAGEN et al. 1980; SEIBERT et
al. 1983). Milk, formula or juice mixed with Tc 99m
sulphur colloid is administered to the child who is
then scanned. Radionuclide scanning is continuous,
an advantage over fluoroscopy. Radionuclide scan-
ning allows documentation of episodes of GER, and

Fig. 2.20a,b. Gastroesophageal reflux. a During swallowing, the gastroesophageal junction is closed. b The
gastroesophageal junction is widely patent, and barium refluxes to the upper esophagus
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cephalad extent of GER, as well as the rate of gastric
emptying.

GER can be demonstrated sonographically into
the distal esophagus (KoumMaNIDOU et al. 2004).
Gastric contents can be observed as they reflux into
the esophagus. This technique is limited because the
degree of reflux and proximal extent cannot be eval-
uated in the chest where the esophagus is obscured
by the lungs.

2.5.2
Achalasia

Achalasia is rare in children with an incidence esti-
mated at approximately 0.05-1 per 100,000. Fewer
than 5% of those with achalasia present in child-
hood (EMBLEM et al. 1993; MAYBERRY and MAYELL
1998). This condition is characterized by defective
relaxation of the cardia and absence of esophageal
peristalsis with normal upper esophageal sphincter
and pharyngeal function. Pathological findings are
characterized by marked fibrotic hypertrophy of
the myenteric plane between the muscle layers and
a significant reduction in the number of myenteric
ganglia and myenteric neurons (KHELIF et al. 2003).
It is not uncommon for children with achalasia to
present before the age of 5 (HussaIN et al. 2002).
Clinical symptoms are age-related. Infants present
with symptoms similar to gastroesophageal reflux,
including frequent regurgitation, choking, apnea
and pneumonia. Symptoms in older children are

similar to those of adults and include dysphagia,
chest pain, cough, vomiting of undigested food and
poor weight gain (VANE et al. 1988). As a result of its
rarity in children and non-specific symptomatology,
the diagnosis and treatment are frequently delayed.

Injection of botulinum toxin temporarily relieves
the symptoms of achalasia, and half of the patients
treated with botulinum toxin will require an addi-
tional procedure. Botulinum toxin is only recom-
mended for patients who are poor candidates for
pneumatic dilatation or surgery (HurwiITz et al.
2000). Pneumatic dilatation has a higher success
rate and lower failure rate than botulinum toxin.
Modified Heller myotomy has 94% efficacy and
pneumatic dilatation has 90% efficacy (Vagz1 and
RICHTER 1999). Myotomy alone has a high incidence
of gastroesophageal reflux (EMBLEM et al. 1993), and
some children ultimately require an antireflux pro-
cedure (VANE et al. 1988). Laparoscopic modified
Heller myotomy is increasingly more commonly per-
formed in children and can be performed in patients
as young as 10 years. The myotomy relieves symp-
toms of obstruction, yet the underlying esophageal
dysmotility persists through the patient’s life. These
patients must be monitored and followed up for life.

2.5.2.1
Radiological Findings

The chestradiograph mayreveal a dilated esophagus
with an air fluid level, changes of chronic aspiration
and tracheal displacement (Fig. 2.21). The stomach

Fig. 2.21a-c. Achalasia. AP (a) and lateral (b) chest radiographs reveal an air-fluid level in the distended esophagus. ¢ Delayed
lateral chest radiograph. Barium fills the entire length of the esophagus, which tapers distally. There has been minimal flow
of barium into the stomach
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bubble is not visualized in cases with high grade
obstruction. The esophagram is the initial diagnos-
tic study, followed by esophageal manometry and
endoscopy. Barium esophagram reveals a dilated
esophagus that tapers smoothly distally to a “bird’s
beak”. Occasionally, a leiomyoma may mimic the
symptoms and radiographic appearance of achala-
sia (HussAIN et al. 2002).

2.5.3
Foreign Body Ingestion

Infants and young children experiment with unfa-
miliar objects by placing them in their mouths.
Most swallowed foreign objects pass uneventfully.
The age range of children who swallow foreign
bodies is from 6 months-3 years. A higher inci-
dence of obstructed ingested foreign bodies occurs
with esophageal pathology, especially after repaired
esophageal atresia and among children with psy-
chiatric disease and retardation. Foreign bodies are
most likely to be caught at the normal anatomic sites
of esophageal narrowing. Foreign bodies at other
levels are indicative of a stricture or vascular ring
(Fig. 2.22). Foreign bodies lodge at the level of the
thoracic inlet (53%) in the thoracic esophagus (32%),
and the least common site is the cervical esophagus
(15%) (HARNED et al. 1997). Presentation is usually
with dysphagia and chest pain. Salivation and drool-
ing occur with esophageal obstruction. Swallowed
objects may be unchewed or partially chewed food,
or other foreign objects, 66% of which are coins in
children (Fig. 2.23) (WEBB 1995).

More than one coin may occasionally be ingested
(Fig. 2.24). The older the children, the larger the
coins ingested (CHENG and Tam 1999). Acute coin
ingestion is rarely symptomatic unless the coin is
above the thoracic inlet (SHARIEFF et al. 2003). The
majority of coins will not pass spontaneously. How-
ever, some coins will pass spontaneously and can be
followed for 24 h, thereby decreasing the need for
operative removal (SHARIEFF et al. 2003). The coin
should be removed if repeat radiography reveals
non-passage. Flexible endoscopy is safer than blind
removal, and providesimmediate information about
the esophagus at the site of impaction.

Button battery ingestion is rare, but the incidence
is increasing (YARDENI et al. 2004). Most are less
than 15mm in diameter, and pass uneventfully.
Button batteries contain alkali and cause injury by
direct corrosion, voltage burns and pressure necro-

sis. Those that lodge can cause severe complications
within a short time after ingestion and must be
removed endoscopically as soon as possible.
Complications of foreign body ingestion include
perforation and abscess formation. Flexible endos-
copy is the most common method for removal.

e

Fig. 2.22a,b. Impacted coin above an unsuspected vascular
ring. a Frontal chest radiograph shows the coin lodged in the
proximal esophagus above the aortic arch. b Barium esopha-
gram reveals an aberrant retroesophageal right subclavian
artery
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Fig. 2.23a,b. Radiolucent foreign body. AP (a) chest radiograph and magnified view (b) reveal an impacted
piece of unchewed chicken in the cervical esophagus outlined by esophageal air

Fig. 2.24a,b. Two impacted coins.
a The AP view of the airway is con-
fusing. The metallic density resem-
bles part of the tracheostomy tube.
b The lateral radiograph reveals
two coins in the esophagus

2.5.3.1
Radiological Findings

When suspicion for an ingested foreign body is high,
frontal and lateral radiographs should be obtained
from the nasopharynx to the abdomen. Radiology
reveals 100% of metal objects, 86% of glass and 26%
of fish bones (CHENG and Tam 1999). Commonly
ingested foreign bodies such as medications, small
plastictoysand organic materialare notseen on plain
radiography. These radiolucent foreign bodies may

show on the barium esophagram as filling defects
in the barium. A contrast examination must not be

performed with a high grade obstruction because
of the aspiration risk. Chronically lodged foreign
bodies cause inflammation, edema of the esophageal
wall and narrowing of the lumen (Fig. 2.25).
Fluoroscopic Foley catheter removal has a high
(91%) success rate with coins that have been in place
for less than 3 days. The rate of successful removal is
lower with coins that have been lodged for a longer
time period (SCHUNK et al. 1994). The success rate is
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Fig. 2.25a,b. Chronically impacted coin. Frontal (a) and lat-
eral (b) chest radiographs with an impacted coin and inflam-
matory narrowing of the adjacent airway. The space between
the trachea and the esophagus is thickened, evidence of
chronic inflammatory change

also lower (83%) in cases with underlying esopha-
geal pathology (SCHUNK et al. 1994). An underlying
stricture will not permit passage of the Foley cath-
eter, and may be a cause for failure. Foley catheter
removal is limited to objects without sharp edges.
This technique must not be attempted in children
with clinical or radiological airway compromise and
should not be attempted in the presence of esopha-
geal edema (SCHUNK et al. 1994).

Patients for fluoroscopic removal should not be
sedated in order to maintain their airway. However,
patients must be restrained and placed in the prone
oblique position. A Foley catheter size 8-12 is placed
through the nose or mouth under fluoroscopy to
below the foreign body. The balloon is then inflated
with 3-5 ml of contrast medium, taking care not to
over distend the esophagus. The catheter is gently

withdrawn, and the foreign body is delivered into
the hypopharynx from where it can either be spon-
taneously expectorated, or manually removed by the
radiologist whose fingers are in the child’s mouth. A
useful tip is to don two pairs of rubber gloves as these
offer protection from being bitten by the patient.
Occasionally, the Foley catheter will push the for-
eign body distally into the stomach. Complications
are minor, and may include epistaxis and vomiting,
but esophageal laceration may occur (SCHUNK et
al. 1994). Although effective, this procedure is not
widely performed and many pediatric radiologists
defer to endoscopic extraction.

254
Caustic Ingestion

Caustic ingestion is rare in children. Most are acci-
dental, and 58% occur in children younger than
6 years (DuncaN and WoNG 2003). Ingestion may
be acid or alkaline products. Injury depends on
ingestant characteristics, i.e. corrosive properties,
the amount and concentration as well as the physi-
cal form of the substance, as well as the duration of
mucosal contact. Alkalis initially cause liquefactive
necrosis, and the most severe type of caustic injury,
followed by scar formation and strictures. Most
damage occurs in the middle and lower esophagus.
Alkali granules cause strictures at any level where
they may lodge. The esophagus tends to be spared
injury in acid ingestion because acids, which tend to
beliquids, pass through the esophagus more quickly
than alkalis. Acids require longer contact to cause
deep tissue injury and it is the stomach that sustains
most injury.

Treatment is initially with volume resuscita-
tion and airway management. Sips of water are
encouraged to dislodge lye particles. Emetics and
neutralizing agents are contra-indicated because
heat damage can occur during neutralization, and
emesis of acid gastric contents can damage the
esophageal mucosa. Surgery is rarely required.
Colonic interposition or gastric pull up are per-
formed if the stricture is long and does not respond
to dilatation (Fig. 2.26).

2.5.4.1
Radiological Findings

Chest and abdomen radiographs are obtained to
screen for signs of perforation. The initial radio-
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Fig. 2.26.Alkaliingestion. Barium
swallow shows a long segment of
narrowing of the mid esopha-
gus approximately 3 weeks after
swallowing drain cleaner

logic examination is the esophagram which is best
performed with water soluble non-ionic isotonic
contrast medium in case of perforation. The earli-
est signs are epiglottic swelling, esophageal dys-
motility, mucosal edema and ulceration (Fig. 2.27).
Intramural contrast and persistent gaseous dilata-
tion of the esophagus are signs of severe injury
and may precede perforation (FERNBACH 1994).
CT is recommended if suspicion for perforation is
high. Deep esophageal burns are investigated by
serial esophagrams to detect early stricture forma-
tion. Follow up barium esophagrams are important
to evaluate the development of scarring and the
length of the resulting strictures which are typi-
cally long.

2,55
Esophageal Strictures

Acquired strictures in children are most com-
monly encountered after surgical repair of EA and
TEF. Strictures in the pediatric population may be
caused by caustic ingestion, esophagitis and epi-
dermolysis bullosa. Symptoms vary with the degree
of tightness of the stricture, and include dyspha-
gia, chest pain, cough and vomiting of undigested
food. Drooling and refusal to eat may be signs of a
foreign body causing complete obstruction of the
stricture.

Balloon dilatation is the preferred treatment
above traditional bougienage, and surgery is rarely
indicated.

Fig. 2.27. Colonic interposition. Treatment for
a high-grade long segment caustic stricture

2.5.5.1
Radiological Findings

The chest radiograph is usually normal. Occasion-
ally, an esophageal air-fluid level can be seen above
an esophageal obstruction. Barium esophagram, the
modality of choice, demonstrates strictures as nar-
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rowing of the esophageal lumen and lack of disten-
sibility which may be localized or diffuse (Fig. 2.28)
(Karasick and LEv-ToAFF 1995). The radiological
appearance varies with the type of stricture and its
caliber.

Fluoroscopic dilatation has many advantages over
bougienage because balloon dilatation is not limited
by the diameter of the nose or pharynx, and the inci-
dence of perforation with balloon dilatation is much
lower than with bougie dilatation (FAsuLaxkis and
ANDRONIKOU 2003). Serial balloon dilatation is rec-
ommended because progressive stretching of scar
tissue prevents tears and perforations. Scar tissue
can limit success since fibrosis and altered blood
supply reduce tissue elasticity (FasuLakis and
ANDRONIKOU 2003). The balloon is inflated under
fluoroscopy at the level of the stricture, applying
uniform radial force that is less traumatic than the
shearing force of bougienage. Fluoroscopy has the
added advantage of allowing the radiologist to check
that the stricture is dilated to a suitable diameter.
After dilatation, the success of the procedure can
be monitored immediately with the introduction of
water soluble contrast medium to show an increase
in esophageal caliber and to evaluate for a leak or
perforation (FAsuLAkIs and ANDRONIKOU 2003).

Fig. 2.28. Esopha-
geal stricture.
Barium swallow
shows a long stric-
ture involving
almost the entire
length of the
esophagus years
after ingesting an
unknown corrosive
agent

Although strictures may not be completely resolved
after balloon dilatation, the procedure will provide
functional relief, often further aided by forceful
swallowing by the patient (ALLMENDINGER et al.
1996). Balloon dilatation has to be repeated as the
child grows (ALLMENDINGER et al. 1996). Ongoing
and progressive diseases such as repaired esophageal
atresia and epidermolysis bullosa require repeated
dilatation as the disease progresses (Fig. 2.29).

2.5.6
Esophageal Perforation

Esophageal perforations are rare in children, but
the incidence is increasing as more diagnostic and
therapeutic endoscopies are performed. Iatrogenic
esophageal perforation is the cause in 33%-75% of
cases (MARTINEZ et al. 2003). The incidence is low
in upper endoscopy, and higher with rigid dilators.
Esophageal perforations are more likely to occur
if a foreign body has been present more than 24 h
and caused pressure necrosis. Other etiologies are
pill-induced, caustic damage, infectious, including
candida, herpes and tuberculosis. Cervical esopha-
geal perforation may result from penetrating trauma
by objects in the mouth, including lollipops and
pencils. Esophageal perforation is potentially life-
threatening because it allows entry of bacteria and
digestive enzymes into the pleural and subphrenic
spaces and the mediastinum, causing sepsis. Perfo-
ration of the intraabdominal esophagus may lead to
sepsis and shock.

Conservative non-operative therapy for esopha-
geal perforation is preferred. In children this con-
sists of antibiotic coverage, drainage of pleural
effusions, esophageal rest and total parenteral
nutrition if there is no evidence of contrast leak at
esophagram. Successful outcome depends on early
diagnosis and treatment, young age and absence of
underlying disease (MARTINEZ et al. 2003). Opera-
tive treatment may be required with esophageal per-
foration or gross leakage.

2.5.6.1
Radiological Findings

Esophageal perforation can be diagnosed on fron-
tal and lateral chest radiographs. Findings include
pneumomediastinum, pneumothorax, hydro-pneu-
mothorax, subcutaneous emphysema and pleural
effusions (Fig. 2.30). Chest radiography is not useful
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Fig. 2.29a-c. Balloon dilation of an esophageal stricture. a Severe stenosis of the proximal esophagus 3 months after repair.
b Dilatation balloon expanded across the narrowing, no extravasation. ¢ Post-dilatation appearance

Fig. 2.30a,b. Esophageal perforation after orogastric tube malposition. a Frontal chest radiograph with left pleural
effusion, left pulmonary atelectasis and mediastinal shift. Free air overlies the cardiac silhouette. b Lateral chest
radiograph confirms the traumatic pneumothorax
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with cervical esophageal perforation. Airway films
are required if there is concern for cervical esopha-
geal perforation. Contrast swallow is falsely negative
in 10% (GIMENEZ et al. 2002). CT is recommended
when the esophagram is negative and there is high
suspicion of perforation.

2.5.7
Epidermolysis Bullosa

Epidermolysis bullosa is a rare inherited geno-
dermatosis resulting from a mutation in COL7A1,
the gene encoding type VII collagen (HorN and
TiDMAN 2002). Clinical manifestations are caused
by the extreme vulnerability of squamous epi-
thelium of the skin and mucous membranes to
minor trauma. The most affected subtype is the
recessive epidermolysis bullosa dystrophica, in
which the most severely affected individuals will
develop blisters within the first 24 h of life (HorN
and TIDMAN 2002). Most cases with esophageal
involvement become symptomatic during the first
two decades of life. Gastrointestinal manifestations
can occur in the absence of active blistering (HorRN
and TiIpDMAN 2002). Swallowing is sufficiently trau-
matic to cause bullae and erosions that rupture,
ulcerate and scar. Oral changes compromise the
child’s ability to chew food properly and further
exacerbate the esophageal trauma (ANDERSON et
al. 2004). Scarring and fibrosis cause shortening
of the esophagus that may result in gastroesopha-
geal reflux and further stricturing (ANDERSON et
al. 2004).

Epidermolysis bullosa is an ongoing and progres-
sive disease and repeated dilatations are necessary
(DEMIROGULLARI et al. 2001). Dilatation is best per-
formed in the inactive stage of the disease rather
than during the active stages of blistering.

2.5.71
Radiological Findings

Affected individuals have a 15% incidence of
developing squamous carcinoma at an early age
(HoEerrEL et al. 1992). Therefore, fluoroscopy must
be prudently limited in these children and repeated
fluoroscopy and fluoroscopically guided esophageal
dilatation are discouraged

Children with epidermolysis bullosa must be
treated very carefully to prevent trauma to their
extremely fragile skin and mucosa. They should lie

Fig. 2.31. Epidermolysis bullosa. Barium swallow reveals a
proximal annular stricture and a long segment of diffuse
irregularity of the esophagus

on soft padding on the fluoroscopic table and should
not be restrained for radiographic procedures.
Affected children should drink the barium spon-
taneously, and nasogastric tubes must be avoided
(ForpHAM 2005). Barium esophagram will demon-
strate strictures, approximately half which are in the
proximal third of the esophagus near the cricopha-
ryngeus muscle, 25% in the distal one-third, and the
remainder in multiple sites (Fig. 2.31) (KERN et al.
1989). The strictures may be several centimeters in
length, and are likely exacerbated by gastroesopha-
geal reflux. Annular strictures are usually less than
3 cmin length.

2.5.8
Infectious and Inflammatory Conditions

2.5.8.1
Infectious Esophagitis

Infectious esophagitis is rare in children. Candida
is the most common cause, and usually occurs
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in immunocompromised patients (LEVINE and
RuBEsIN 2005). Candida esophagitis is common
in the absence of oral thrush. Barium esophagram
demonstrates linear or irregular filling defects
separated by normal mucosa (LEVINE and RUBESIN
2005). Herpes and cytomegalovirus are other fre-
quent causes of esophagitis in immunosuppressed
patients. They manifest on barium swallow as dis-
crete well defined areas of ulceration (LEVINE and
RUBESIN 2005). HIV infection itself can cause large
esophageal ulcers (Sor et al. 1995).

2.5.8.2
Inflammatory Esophagitis

Eosinophilic esophagitis is an atopic condition in
which esophageal inflammation occurs with a pre-
dominantly eosinophilic infiltrate that extends into
the muscularis. The annual incidence is 1 in 10,000,
and is increasing (NoEL and ROTHENBERG 2005).
Symptoms mimic reflux esophagitis, are unrespon-
sive to acid suppression therapy and respond to ste-
roids. The esophagram shows a narrow esophageal
lumen, caused by thickening of the esophageal wall,
a feature also demonstrated on CT (SANT’ANNA et
al. 2004).

2.5.9
Esophageal Varices

Esophageal varices in children are a manifestation
of portal hypertension that causes hepatofugal flow
through esophageal collateral veins to drain into the
superior vena cava. The most common children’s
diseases that cause portal hypertension include
umbilical venous catheterization, biliary atresia,
alpha-1 antitrypsin deficiency, autosomal recessive
polycystic renal disease and cystic fibrosis.

2.5.9.1
Radiological Findings

On barium swallow, varices are demonstrated as
serpiginous filling defects, best seen in the collapsed
esophagus. The normal parallel course of the muco-
sal folds is interrupted by the varices that appear as
filling defects. At the present time, barium swallow
is uncommonly performed to make this diagnosis.
Instead, the diagnostic work up includes Doppler
sonography, MR cholangiography and MR angiog-
raphy.
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3.1
Normal Embryology and Anatomy

In the normal embryo, the abdominal portion of
the foregut is visibly divided into the esophagus,
stomach and proximal duodenum by the fifth week
(LARSEN 2001). During the fifth week, the stomach
starts out as a straight tube but since there is dif-
ferential growth of its dorsal and ventral wall, the
greater curvature will become more elongated than
the lesser curvature. Continued differential expan-
sion of the superior part of the greater curvature
gives rise to the fundus and cardiac incisure by the
end of the seventh week.

During the seventh and eighth weeks, the stom-
ach will rotate 90° around a craniocaudad axis. The
former anterior portion will form the right side of the
stomach and the former posterior portion becomes
the left side of the stomach.

The stomach is relatively fixed in the abdominal
cavity at the esophagogastric junction and at the
pyloroduodenal junction. Furthermore, there are
four different ligaments which will fix the stom-




110

E. Nijs

ach: the gastrohepatic ligament, the gastrosplenic
ligament, the gastrocolic ligament and the gastro-
phrenic ligament.

The stomach is classically divided into the fundus,
being the upper most portion, the body, which is the
largest part, the antrum, at the distal end, and the
pylorus.

Due to the above mentioned rotations of the stom-
ach, the presumptive duodenum will bend into a
C shape and will be displaced to the right until it lies
against the dorsal body wall and becomes second-
arily retroperitoneal. A system of digestive glands
develops from endodermal buds of the duodenum,
including the liver parenchyma, the gall bladder and
their ducts (derived from the hepatic diverticulum),
as well as the pancreatic parenchyma and its ducts
(derived from the fusion of the dorsal and ventral
pancreatic ducts) (Fig. 3.1).

The duodenum is typically divided into four por-
tions. The first portion is relatively mobile in con-
trast to the rest of the duodenum which is fixed in
the retroperitoneal cavity. The second descending
portion of the duodenum is in close contact with
the pancreas and receives the common bile duct and
duct of Wirsungin its midportion. The third portion
is horizontally oriented and is ventrally crossed by
the superior mesenteric artery (SMA) and superior
mesenteric vein (SMV). The fourth ascending por-
tion will turn ventrally to the duodenojejunal junc-
tion, which is additionally held in place by the liga-
ment of Treitz.

The stomach and proximal duodenum are derived
from the embryonic foregut and will therefore
receive their blood supply from the celiac axis. Part

Esophagus

~ Lung bud
Stomach
Esophagus

Liver

Ventral

Dorsal } Pancreas

22 days

of the third portion and the entire fourth portion of
the duodenum depend on the superior mesenteric
artery because of their midgut origin.

The gastrointestinal (GI) tract also starts out as
a short, straight tube (LARSEN 2001). This tube will
then elongate and will become fixed in the abdomi-
nal cavity by a very complicated process. The proxi-
mal duodenojejunal loop and the distal cecocolic
loop are able to pull adjacent bowel along with them.
Before the tenth week of embryonic life, both loops
will independently rotate 270° in a counterclockwise
direction around the SMA and return to the abdom-
inal cavity. This results in the actual position of the
duodenum with the duodenojejunal junction at the
left side in the upper abdomen. On the other hand,
the cecum will finally lie in the right lower quadrant
and the transverse colon anterior to the SMA. When
the process of rotation is finalized, the bowel is fixed
in this position by the mesentery. The normal mes-
entery extends from the left upper quadrant at the
ligament of Treitz to the cecum in the right lower
quadrant and is broad based.

The bolus from the esophagus will arrive in the
stomach, where digestion takes place until ingre-
dients are sufficiently broken down to be passed
into the intestine for further digestion and absorp-
tion. The gastric wall consists of the mucosa with
the muscularis mucosae, submucosa, muscularis
externa and serosa. The mucus produced by the
mucous surface cells and mucous cells of the glands
protects the stomach lining from damage due to
hydrochloric acid and pepsin secreted by the gas-
tric glands. The rugae or longitudinal folds of the
empty stomach are consistent with the mucosa and

Fig.3.1. Normal embryology and
anatomy of the foregut and organs of
digestion
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submucosa. The muscularis externa of the stomach
consists of three smooth muscle layers: an inner
oblique, a middle circular and an outer longitudinal.
These muscle layers are responsible for the ‘gastric
motility’ in receiving large volumes of ingested food
and fluids during a meal, in mixing the ingested
food with gastric juices and in propelling the gastric
contents into the small intestine.

The wall of the duodenum is, like the gastric
wall, divided into the mucosa, submucosa, muscu-
laris externa and serosa. The main function of the
duodenum is the digestion of nutrients (Ross and
ROMRELL 1989).

3.2
Examination of the Upper Gl Tract

3.2.1
Abdominal X-Ray: Air as a Contrast Agent

The plain film of the abdomen is still very useful
in the evaluation of the neonate. Air can be used
as a contrast agent since newborns will start swal-
lowing air immediately after birth, and gas should
be present in the stomach within minutes. After
3 h, air should be seen throughout the entire small

Fig. 3.2. a Radiograph
with air as contrast
agent: malrotation.

b Radiograph with high
density contrast agent:
confirmation of
malrotation. (Courtesy
of Dr. Carlo Buonomo,
Boston, MA, USA)

bowel, while the sigmoid colon is seen after 8-9h
(BERROCAL et al. 1999). Some congenital anoma-
lies can be readily diagnosed without the need for
other contrast media (Fig. 3.2), for instance a duo-
denal obstruction with the typical “double-bubble”
appearance, which may be caused for instance by
duodenal atresia or midgut volvulus.

3.2.2
Fluoroscopy/Upper Gl Study

Roughly, the recommended fasting time before the
study is equal in length to the regular time between
meals for the patient, being longer in adolescents
than in newborn babies. Typically in children
under 1year of age, a 3-h fasting period is suffi-
cient to empty the normal stomach. A longer fasting
time bares the risk of dehydration in this patient
group. Older children will be kept fasting overnight
(SCHLESINGER and PARKER 2003).

Traditionally barium will be used as contrast
agent. However, in a patient with suspected risk of
aspiration (e.g. neurologically impaired children)
or a neonate with a congenital proximal obstruction
and suspicion of perforation (risk of barium perito-
nitis), non-ionic low-osmolar contrast agents will
be used. The main advantages of the latter contrast
agents are lack of large fluid shifts, absence of con-
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trast dilution, lack of injury to the bowel mucosa,
low absorption from the bowel and relatively low
risk of pulmonary edema if aspirated.

An upper GI study will always include the evalua-
tion of the esophagus, stomach and duodenum.

An upper GI study in newborns and small infants
will be different from those performed in adoles-
cents. In the former group of children, the study
will be performed to evaluate a (known) congenital
proximal obstruction (evaluation of antral or duo-
denal web) or, more importantly, to evaluate the
position of the duodenojejunal flexure (the ligament
of Treitz). The study will be tailored to answer these
specific questions and these will always be single
contrast studies. In older children, however, double
contrast studies may occasionally be necessary
depending on the clinical question (e.g. polyps).

On barium studies, the contour of the stomach
typically will appear smooth in newborns and young
infants, while in older children the normal gastric
rugal folds will be visible as seen in adults.

Pulsed fluoroscopy is always recommended in
children together with careful collimation and
gonadal shielding. Furthermore, photo spot-film
cameras or digital fluoroscopy should be used
(SCHLESINGER and PARKER 2003).

3.2.3
Ultrasound

Ultrasound (US) is now increasingly used for the
evaluation of the upper GI tract, for instance to
evaluate for wall thickness or a duplication cyst.
In other instances, it may be necessary to fill the
stomach with fluid before the examination, e.g. in
the evaluation of gastroesophageal reflux or hyper-
trophic pyloric stenosis.

Abdominal vector probes can be used for a good
overview of the stomach, but linear high frequency
transducers are necessary for a more detailed view.

Typically the patient will be scanned in the supine
position. A right posterior oblique position is used
to evaluate the antrum and pyloric region since fluid
will displace the air to the gastric body and fundus.

3.2.4
Cross-Sectional Imaging

Computedtomography (CT)and magneticresonance
(MR) imaging are not routinely used to evaluate the

stomach in children, except in cases of a suspected
or known malignancy for staging purposes.

3.2.5
Scintigraphic Studies

Several scintigraphic studies may be indicated to
evaluate for gastric pathology in children. Radionu-
clide gastric emptying study may be performed to
evaluate for gastric motility and emptying. 99Tcm-
pertechnetate scintigraphy can be performed to
evaluate for the presence and location of functioning
ectopic gastric mucosa. Technetium-99m HMPAO-
labeled leukocyte imaging can be used in the evalu-
ation of inflammatory bowel disease.

3.3
Congenital Gastric Disorders

3.3.1
Fetal Study (US and/or MR)

The stomach will appear as a cystic structure in
the left hypochondrium of the fetus and should be
constantly visible at around 11-12 weeks of gestation
during fetal US.

When the stomach is small or not visible in
the second or third trimester, first US should be
repeated to confirm or exclude these findings. If the
above can be confirmed, it raises the suspicion of an
abnormality. The most common etiology is esopha-
geal atresia. This diagnosis can be confirmed on
US when the dilated pharyngeal pouch is seen. MR
can more easily demonstrate the dilated pharyngeal
pouch or can exclude the diagnosis by documenting
a normal esophagus. Another condition in which
the stomach appears small or cannot be visualized,
is intra-uterine growth retardation with associated
oligohydramnios.

If the stomach is too big in the third trimester on
two consecutive studies, the main cause is duodenal
atresia with the typical “double-bubble” appearance.
A total of 30% of these patients will have trisomy 21
(BuonoMo et al. 1998). These patients also have an
increased risk of an esophageal atresia, in which case
they will not always present with a “double-bubble”
appearance due to the obstruction of the GI tract
more proximally, unless they have an associated
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H-type tracheo-esophageal fistula. The differential
diagnosis for the double-bubble should include duo-
denal stenosis and annular pancreas (RATHAUS et
al. 1992; Pox1 et al. 2005).

When the stomach does not lie in the left hypo-
chondrium but is located in the midline, this may
indicate an intestinal malrotation with or without
obstruction. A postnatal work-up is strictly indi-
cated in these patients.

Further description of the above-mentioned enti-
ties/anomalies are given in the sections below.

3.3.2
Gastric Duplication

The gastric duplication cyst represents only 4% of
all enterogenous duplications and thus is the least
common of all GI duplications (PRUKSAPONG et al.
1979). It can be seen as an isolated finding or in
association with other anomalies such as an aber-
rant pancreas, vertebral anomalies (SCHLESINGER
and PARKER 2003) or a pulmonary sequestration
(CHEN etal. 2006; GRANATA et al. 2003). Duplication
anomalies are usually adjacent to involved bowel
and will mainly be located along the greater curva-
ture of the stomach, often in the antrum. They will
be spherical or occasionally tubular in configuration
and may communicate with the lumen. The duplica-
tion is composed of a smooth muscle wall continu-
ous with the muscle layer of the intestinal wall and
an inner mucosal lining.

Presenting symptoms may include vomiting
(obstruction), hematemesis, melena or palpable
mass.

Plain abdominal X-ray may demonstrate a soft
tissue mass in between the greater curvature of
the stomach and superior to the transverse colon
(BARLEV and WEINBERG 2004). This is seldom
seen.

Onbarium studies, alarge gastric duplication may
be recognized as an intramural, extraluminal soft
tissue mass which causes displacement of the gastric
lumen. However the diagnosis will often be made by
US where the typical bowel wall can be recognized:
an inner thin echogenic line, consistent with the
mucosa, and an outer hypoechoic layer, consistent
with the muscular layer (Fig. 3.3). Furthermore, the
gastric duplication is located intramurally and is
filled with anechoic fluid. Less commonly it is filled
with echogenic material, representing hemorrhage,
infection or proteinaceous fluid.

Fig. 3.3. US of duplication cyst of the greater curvature of
the stomach: classic double echo pattern of the GI mucosa.
(Courtesy of Dr. Carlo Buonomo, Boston, MA, USA)

The imaging diagnosis can also be made by CT
or MR, on which the gastric duplication cyst is filled
with low attenuation fluid/low signal intensity on
T1-weighted images and high signal intensity on T2-
weighted images, or less commonly with high atten-
uation fluid/high signal intensity on T1l-weighted
images.

3.3.3
Gastric Diverticula

True congenital gastric diverticula are rare in chil-
dren. All elements of the normal gastric wall are
present and they can be regarded as incomplete gas-
tric duplications. They are usually located posteri-
orly near the esophagogastric junction, are asymp-
tomatic and can be seen on upper gastrointestinal
studies when filled with contrast material (ELLIOT
et al. 2006).

3.3.4
Microgastria

Congenital microgastria was first described in 1894
(D1DE 1894) and is extremely rare with less than 50
cases reported to date (SHARMA and MENON 2005).
It is thought to be the result of an early gastric devel-
opment arrest from the foregut between the 4™ and
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5th week of gestation; there is no fetal rotation and
the greater and lesser curvatures fail to develop.
The spleen arises in the dorsal mesogastrium by
mesenchymal differentiation at around the same
time, which may explain the frequent association
of microgastria with asplenia or polysplenia.

Complete lack of gastric development or agas-
tria is the most extreme form of microgastria
(SCHLESINGER and PARKER 2003).

Presenting symptoms of microgastria are recur-
rent postprandial vomiting, respiratory distress/
infection, failure to thrive and malnutrition. These
are all consequences of the small stomach and the
associated gastroesophageal reflux (HOEHNER et al.
1994; WAASDORP et al. 2003).

The diagnosis is made by an upper GI study which
will demonstrate an abnormally small tubular or
saccular stomach in the midline (KrRoEs and FESTEN
1998) (Fig. 3.4).

Megaesophagus is almost always associated with
microgastria, which may be secondary to the gas-
troesophageal reflux or caused by the esophagus
taking over the reservoir capacity of the stomach
(MouLTON et al. 1994).

There is a very high incidence of other associated
anomalies with esophageal stenosis, such as a left-
sided diaphragmatic hernia (SHARMA and MENON

REITET

Fig. 3.4. UGI reveals a markedly small stomach: microgas-
tria. (Courtesy of Dr. Carlo Buonomo, Boston, MA, USA)

2005), right-sided diaphragmatic hernia (VELASCO
etal. 1990), growth hormone deficiency and diabetes
insipidus (HERNIAZ DRIEVER et al. 1997), intestinal
malrotation, cardiopulmonary anomalies, central
nervous system anomalies (hydrocephalus, arrhin-
encephaly, microphthalmia) (SCHLESINGER and
PARKER 2003), renal anomalies (KROES and FESTEN
1998), laryngo-tracheo-bronchial clefts (Ryan et al.
1991; SAMUEL et al. 1997), limb reduction defects
(CunNIFF et al. 1993), Pierre Robin sequence and
partial trismus (GIURGEA et al. 2000). Isolated con-
genital microgastria is extremely rare.

The treatment of choice in patients with micro-
gastria, if no other life-threatening anomalies are
present, is gastric augmentation (MENON et al. 2003),
classically a Hunt-Lawrence pouch (a double-lumen
jejunal pouch anastomosed to the greater curvature
of the stomach with a distal Roux-en-Y jejunos-
tomy). Prolonged medical management of gastro-
esophageal reflux in these patients is not beneficial,
since the stomach size will not increase significantly
over time (BLANK and CHISHOLM 1973). Operating
at an early stage is indicated to allow normal growth
and development. Life expectancy is determined
mostly by the associated anomalies, being the most
frequent cause of death (MouLTON et al. 1994).

3.3.5
Pyloric and Prepyloric/Antral Atresias,
Stenoses and Webs

Congenital (pre-)pyloric atresias, stenoses and
webs are rare. These lesions are thought to be the
consequence of an intrauterine vascular insult
(ScHLESINGER and PARKER 2003). There are three
different types of pyloric atresia: (1) complete atre-
sia and absence of a connection between stomach
and duodenum; (2) complete atresia with a fibrous
band between stomach and duodenum; and (3) gas-
tric membrane or diaphragm (GupTa and GUGLANI
2005). The association of pyloric atresia and epider-
molysis bullosa has been described and the respon-
sible genetic mutation for this association has been
identified (SCHLESINGER and PARKER 2003).
Symptoms will vary among patients, depending
on the degree of obstruction: true atresias will result
in a complete obstruction while patients with steno-
ses or webs will only have obstruction depending on
relative size of orifice and bolus. This will also affect
the time of presentation: patients with atresias will
present very early in life, while patients with steno-
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ses or webs of the pylorus may present later in life,
including adulthood.

The findings described above will correlate with
the imaging findings. In patients with atresia, there
may be no air distal to the body of the stomach while
the stomach is usually dilated. With stenoses and
webs, varying degrees of distal air may be seen. In
case of an incomplete obstruction, webs are more
common than stenoses. On barium studies these
can be seen as linear filling defects. Sometimes the
diagnosis can also be made with US where a mem-
brane can be seen in the antrum if the stomach is
filled with clear liquid (GupTA and GUGLANT 2005).

3.3.6
Gastric Volvulus

Gastric volvulus can be defined as an abnormal rota-
tion of more than 180° of the stomach around its long
(organoaxial) and/or short (mesentericoaxial) axis,
creating a closed loop obstruction that may result in
incarceration, strangulation and gastric perforation
(due to ischemia and necrosis) leading to sepsis and
cardiovascular collapse. It is rare in children, but
acute gastric volvulus in neonates and infants is a
life-threatening emergency. It was first described in
children in 1899 (K1EL 1899). To date, more than 150
patients with gastric volvulus in the pediatric popu-
lation have been described (DARANT et al. 2005).

The normal stomach is fixed in the peritoneal
cavity by four different ligaments. Absence or loos-
ening of these anatomic attachments results in
abnormal mobility of the stomach. Gastric volvulus
is the result of the absence or laxity (e.g. post surgi-
cal) of the gastrocolic and gastrosplenic ligaments
(DALGAARD 1952) as seen in congenital diaphrag-
matic hernia, paraesophageal hernia or wandering
spleen (LIN et al. 2005). Gastric volvulus may be
iatrogenic, e.g. after the placement of a percutane-
ous endoscopic gastrostomy (SOOKPOTAROM et al.
2005).

Acute as well as recurrent subacute or chronic
forms have been described. The symptoms are
related to the degree of rotation and gastric obstruc-
tion. In the acute form, patients will present with
sudden vomiting, intractable retching and acute
abdominal pain as well as acute vegetative symp-
toms with hypotonia, pallor and ocular revulsion.
It is thought that during acute gastric volvulus, a
vagal reflex is triggered by direct irritation of the
parasympathetic nervous system. Prompt resusci-

tation in patients with acute vegetative symptoms
may be needed. In the subacute or chronic forms
only nonspecific symptoms will be apparent, includ-
ing recurrent abdominal pain, vomiting and gastric
distention.

On abdominal X-ray studies, a gastric volvulus
may be suspected. In organoaxial volvulus, a subtle
inferiorly displaced gastroesophageal junction may
be seen. More typically in mesentericoaxial volvu-
lus, the stomach appears spherical on supine films
and a double air-fluid level can be seen in the upright
position: a superior one in the antrum, and an infe-
rior one in the fundus. On chest radiograph, a ret-
rocardiac gas-filled structure, consistent with a dia-
phragmatic hernia and/or an intrathoracic stomach
may be seen (Fig. 3.5).

The gold standard for the diagnosis of acute as well
as subacute or chronic forms is the upper GI study
(DARANTI et al. 2005). The organoaxial type will be
characterized by a stomach in horizontal position
with the pylorus facing downward but with a greater
curvature, projecting higher than the lesser curva-
ture and in front of the distal portion of the esopha-
gus. In this case the stomach rotates around the long
axis, which connects the gastroesophageal junction
and pylorus. In contrast, the mesentericoaxial type
can be recognized by a stomach in vertical position
with a pylorus projecting above the gastroesopha-
geal junction (Fig. 3.6a). The inverted antrum, pylo-
rus and proximal duodenum can form a ‘beak’ at the
usual location of the gastroesophageal junction. In
this type, the short axis bisects the lesser and greater
curvatures and runs parallel to the hepatoduodenal
ligament. The antrum then rotates anteriorly and
superiorly so that the posterior surface of the stom-
ach lies anteriorly (Fig. 3.6b,c).

The diagnosis of gastric volvulus can sometimes
be suggested on US, when it is performed in search
of other diagnoses (ANAGNOSTARA et al. 2003).

Definitive treatment will be performed by gastro-
pexy, which can be done laparoscopically. In some
patients an anti-reflux procedure may be needed,
but this is not always necessary at first (DARANI et
al. 2005).

3.3.7
Ectopic Gastric Mucosa

KuMAR et al. (2005) described a series of 11 (male)
children in which the diagnosis of ectopic gas-
tric mucosa could be made by the use of 99Tcm-
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Fig. 3.5a,b. The chest radiograph shows in this 14-year-old girl retrocardial an air fluid level, consistent with a dia-
phragmatic hernia. (Courtesy of Dr. Carlo Buonomo, Boston, MA, USA)

Fig. 3.6. a Mesentericoaxial volvulus of the stomach (Cour-
tesy of Dr. Carlo Buonomo, Boston, MA, USA); b Organoax-
ial volvulus; ¢ Mesentericoaxial volvulus \ c
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pertechnetate scintigraphy. Functioning ectopic
gastric mucosa was found in Meckel diverticulum
in three patients, in small bowel duplications in four,
in a gastric duplication in one and in intrathoracic
foregut duplication cysts in three patients. They
stress the importance of performing a dynamic and
static sequence as well as delayed images (up to 24 h)
since only the latter can document the presence of
ectopic gastric mucosa in patients with intrathoracic
duplication cysts; this is much later than the visu-
alization of the stomach activity. In contrast, the
tracer activity in ectopic gastric mucosa in intestinal
duplication cysts may be seen before gastric tracer
activity. The uptake of 99Tcm-pertechnetate in the
ectopic gastric mucosa of Meckel diverticulum and
gastric duplication is visualized simultaneously
with the stomach (Fig. 3.7).

Meckel diverticulum is the most common con-
genital anomaly of the GI tract and is the most
common site for ectopic gastric mucosa. GI duplica-
tions (non-communicating or more rarely commu-
nicating) are less common and 20%-30% of these
will contain ectopic gastric mucosa. It is also more
commonly seen in tubular duplications (in contrast
to cystic).

Patients with functioning ectopic gastric mucosa
will present with pain, bleeding and perforation.
However, patients with intrathoracic foregut dupli-
cation cysts, mainly younger patients, will present
with respiratory distress caused by compression of
the airway.

3.3.8
Ectopic Pancreatic Tissue

In this condition pancreatic tissue will be found in
the antropyloric region or less frequently in the duo-
denum. Itis usuallyasymptomatic, but these patients
may present with pain, GI bleeding or obstruction
due to ulceration, bleeding or inflammation (pancre-
atitis) or rarely malignant degeneration. On barium
studies, a rounded filling defect can be noted in
the antropyloric region with a central niche, repre-
senting an attempt at duct formation (Fig. 3.8). This
entity can also be identified on US (SCHLESINGER
and PARKER 2003) or CT (Fig. 3.9a-c).

Fig. 3.7. A 2-year old boy with bright red blood per
rectum and a normal UGI study: ectopic gastric
muscosa (Meckel diverticulum) (arrow)

Fig. 3.8. Ectopic pancreatic tissue (arrow)
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Fig. 3.9a-c. Contrast-enhanced CT showing pancreatitis in
ectopic pancreatic tissue in the antropyloric region (arrow)
causing an extrinsic mass on the greater curvature of the
stomach in a 16-year-old girl. a,b Axial and ¢ Coronal

3.4
Acquired Gastric Disorders

3.4.1
Hypertrophic Pyloric Stenosis (HPS)

Congenital hypertrophic pyloric stenosis is charac-
terized by hypertrophy of the circular muscle layer
and represents the most common cause of gastric
outlet obstruction (HERNANZ-SCHULMAN 2003).
TAKAHASHI (2003) suggested that impaired neuro-
nal nitric oxide synthase synthesis in the myenteric
plexus is an important contributing factor in the
pathogenesis of HPS as well as of achalasia, diabetic
gastroparesis, Hirschsprung disease and Chagas
disease.

Children usually present at the age of 3-6 weeks,
but with a range from 1week to 3 months. It is
unusual in premature infants and older children.
There is a definite male predominance and is also
more commonly seen in firstborns in comparison
with their younger siblings. The patient will typi-
cally present with increasing vomiting, leading to
projectile vomiting. The vomitus is not bile stained
since the obstruction is proximal to the ampulla of
Vater.

The diagnosis can be made by physical exami-
nation by palpating the typical olive in the epigas-
trium. Peristaltic waves may also be seen on the
abdominal wall.

An abdominal X-ray may be nonspecific or dem-
onstrate a distended stomach with a small amount
of air distally (Fig. 3.10). In some instances gastric
pneumatosis can be seen, which resolves sponta-
neously after nasogastric tube placement in order
to decompress the stomach. The imaging diagno-
sis using an upper GI study has been replaced by
US in many countries worldwide, since US allows
direct visualization of the hypertrophied muscle
(Fig. 3.11). Typically, the patient is given water or a
dextrose solution orally, and is subsequently placed
in the right posterior oblique position. The left liver
lobe can be used as an acoustic window to evalu-
ate the pylorus in the supine position. The muscle
thickness, as well as the muscle length, the pyloric
channel length, the pyloric muscle index (calculated
using pyloric length, pyloric muscle thickness and
pyloric diameter) and the muscle volume have all
been used as indicators of HPS (WESTRA et al. 1989).
Overall the muscle thickness seems to be the most
important criterion, with a muscle thickness equal
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Fig. 3.10. Plain abdominal radiograph reveals a markedly
distended stomach and hyperperistalsis. (Courtesy of Dr.
Carlo Buonomo, Boston, MA, USA)

or greater than 3 mm, indicating HPS, and 2 mm or
less, indicating a normal pylorus muscle. The chan-
nel length should be greater than 15 mm to support
the diagnosis of HPS (BLUMHAGEN et al. 1988).

The differential diagnosis includes pylorospasm
(which may cause an increased muscle thickness,
but only transiently), (eosinophilic) gastroenteritis,
gastric and duodenal ulcers. If the US findings are
not clearly diagnostic, an upper GI examination is
next.

On a barium study almost all children will show
some degree of pylorospasm, which may cause a
delay as long as 20-25 min in the passage of barium
through the antropyloric region. Classical findings
onupper Glinclude: the “string” sign, consistent with
anarrowing of the pyloric channel, is almost always
seen in conjunction with an elongated and upward
curved pyloric channel. The “double track/string”
sign is caused by barium which is caught between
folds overlying the hypertrophied muscle. A similar
sign can be seen on US, without being pathogno-
monic for HPS since it can also be seen in patients
with pylorospasm (COHEN et al. 2004). The “beak”
sign is the result of the thickened muscle narrowing
the barium column as it enters the pyloric channel.

Fig. 3.11. US reveals an elongated pyloric channel (asterisks)
and a thickened longtitudinal pyloric muscle (crosses).
(Courtesy of Dr. Carlo Buonomo, Boston, MA, USA)

The thickened and enlarged muscle mass resembles
an ‘apple core lesion’ with undercutting of the distal
antrum and proximal duodenum. The “pyloric tit”
can be seen along the lesser curvature of the stom-
ach, just proximal to the impression of the pyloric
mass and may be consistent with a blocked peristal-
tic wave. The “shoulder” sign is caused by impres-
sion of the hypertrophied muscle on the antrum. All
of the above mentioned findings can also be seen
transiently in normal children, therefore the study
should be done carefully, with documentation of the
persistence of these signs. The treatment of choice
is pyloromyotomy, surgically or laparoscopically.
However, some countries (Sweden, Japan) also have
experience with nonsurgical therapy.

3.4.2
Peptic Ulcer Disease

There is important evidence to document the
involvement of Helicobacter pylori as a causative
agent of peptic ulcer disease, antral atrophic gastri-
tis, gastric adenocarcinoma and gastric lymphoma
(KoNTUREK et al. 2006a,b). Although these dis-
eases are much more common in adulthood, colo-
nization with this pathogen occurs mostly during
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childhood. Prevalence rates vary from almost 10%
of children under the age of 10 years in industri-
alized countries to 56.8%-83.1% of children in
the poorest Brazilian regions (BITTENCOURT et
al. 2006). In theory, childhood is a good time to
eradicate H. pylori because children are usually
not infected long enough to develop gastric cancer
(BourkE 2005). In this way, gastric cancers may
be prevented. However, since prevalence and inci-
dence of gastric cancer are decreasing rapidly in
developed nations, screening programs would be
extremely expensive. Only in high-risk areas or
in families with a strong positive history, a test-
and-treat strategy can be justified (BOURKE 2005;
GRAHAM and SHIOTANI 2005).

Peptic ulcer disease is much less common in the
pediatric population than in adulthood. The clas-
sification of peptic ulcers is based on the region of
involvement (gastric versus duodenal ulcers) and
on the presence or absence of a known etiology (pri-
mary or secondary due to an underlying disease).
Primary peptic ulcers are associated with H. pylori
infection. Gastric ulcers are mostly seen in neonates
(with or without the development of gastric perfora-
tion) while duodenal ulcers are much more common
after the neonatal period.

DruMM et al. (2004) demonstrated that single-
contrast barium studies have a high false-negative
rate for ulcer disease, when compared with endos-
copy. Double contrast studies are indicated because
of the higher sensitivity, but cannot be performed in
young children and imply a higher radiation dose in
all children. When perforation is suspected, however,
a single contrast study with a low-osmolar nonionic
contrast agent should be performed. As a general rule,
endoscopy is the preferred method of choice in the
diagnosis of peptic ulcers. It has the highest sensitiv-
ity and allows the collection of fragments from the
gastric mucosa for diagnosis of the infection and for
histopathological analysis (BITTENCOURT et al. 2006).

An ulcer will be visible on an upper GI study as a
round or ovoid collection of barium with radiating
folds, consistent with edema/inflammation of sur-
rounding mucosa. On US, thickening of the antro-
pyloric mucosa can be seen as well as elongation of
the antropyloric canal, persistent spasm and delayed
gastric emptying. US is not routinely used for the
diagnosis of peptic ulcer disease. The presence or
absence of intra-abdominal free air can be seen on
an abdominal X-ray (upright, left lateral decubitus
or with horizontal beam radiographs) in case of a
gastric perforation (Fig. 3.12).

Fig. 3.12. a Stress ulcer disease: free air supine. b Stress ulcer disease: supine radiograph reveals free air due to
duodenal ulcer
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3.4.3
Gastritis

3.4.3.1
Infectious Gastritis

H. pylori infection is well known as the causative
agent of antral gastritis and peptic ulcer disease (see
Sect. 3.4.2). On barium studies, the most frequent
finding will be (markedly) thickened gastric folds,
or even thickened and lobulated gastric folds can
be seen.

AIDS patients can develop infectious gastritis, the
most common including cytomegalovirus (CMV),
Toxoplasma gondii and Cryptosporidium.

3.4.3.2
Caustic Ingestion with Chemical Gastritis

Ingestion of caustic agents may lead to severe
damage of the gastrointestinal tract: the esopha-
gus is more commonly involved, but also stomach
and duodenum may be involved (SCHLESINGER and
PARKER 2003). Chemical esophagitis and/or gastritis
can be caused by a variety of substances as there
are strong alkaline agents (e.g. concentrated sodium
hydroxide) which will typically affect the esopha-
gus, while strong acid agents will affect the stomach
(e.g. common are calcium chloride, zinc chloride,
iron sulfate tablets and acids) although an overlap
certainly exists where acids can cause esophagitis
as well and vice versa. Chemical gastritis can vary
from mild antral gastritis to extensive necrosis of the
stomach, in which case it can be lethal. Patients will
present with abdominal pain, vomiting, hemateme-
sis, fever and shock.

Contrast studies can be done for the evalua-
tion of chemical gastritis and imaging findings
will depend on the time interval between the acute
ingestion and the contrast study. During the acute
necrotic phase (1-4 days after the event), contrast
studies should be performed with caution. Free air
should be excluded before the start of the study
by abdominal X-ray, including upright, left lateral
decubitus or horizontal-beam radiographs. If per-
foration is suspected, no barium should be used.
Instead, low-osmolar nonionic contrast agents or
water-soluble contrast are indicated. Thickened
mucosal folds can be seen due to severe edema,
ulceration, gastric atony or mural defects. Some-
times intramural air can be seen in the stomach of
patients with severe gastric necrosis; this can be

due to either mechanical disruption of the gastric
wall or to surinfection by gas-forming organisms.
In the former case, contrast leakage may be seen
which is almost always confined; free leakage in the
peritoneal cavity is rare.

At 5-28 days after the caustic ingestion, an ulcer-
ation-granulation phasewill take place. At3-4 weeks
after the initial event, cicatrization and scarring will
begin. Chemical gastritis can resolve with minor
sequelae or it can heal with gastric wall calcifications
with cicatricial constrictions several weeks after
the ingestion (SCHLESINGER and PARKER 2003). In
this phase, barium can be used as a contrast agent
(Fig. 3.13). Typically, the scarring will take place in
the antrum or body antrum of the stomach since
caustic agents tend to flow down the lesser curva-
ture of the stomach into the antrum, causing severe
pylorospasm that delays emptying into the duode-
num. Therefore, the duodenum may be unaffected.
In other patients, however, severe duodenal injury
may have occurred and can be seen as thickened
folds, spasm, atony and ulceration leading to scar-
ring, fibrosis and stricture formation. Almost all of
these patients will have associated gastric injury.
Patients with chemical gastritis and/or duodenitis
will typically develop a gastric outlet obstruction
after 3-4 weeks due to the scarring and strictures
(LEVINE 2000).

3.4.3.3
Ménétrier's Disease

Ménétrier’s disease is a rare disorder in children
and is probably different from the adult disease.
It is typically self-limiting and may be caused by
cytomegalovirus (SFERRA et al. 1996; Kovacs et al.
1993; EISENSTATT et al. 1995).

Children will present with abdominal pain,
nausea and vomiting. Also peripheral edema, asci-
tes and pleural effusions are commonly associated
with Ménétrier’s disease due to an associated pro-
tein-losing enteropathy.

On barium studies of the upper gastrointestinal
tract, markedly enlarged folds (rugae) are typically
seen at the gastric fundus along the greater curva-
ture (Fig. 3.14). US can also demonstrate the rugal
hypertrophy with thickening of the mucosa. When
the stomach is completely filled, however, these
thickened folds will collapse. Typically high fre-
quency (8-13 Mhz) linear transducers will be used.
Serial US can be used in the follow-up of the disease.
CT can also confirm these findings.
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Fig. 3.13. a Caustic ingestion: gastric obstruction in a 9-year-old after drinking gasoline. b Esophageal

stricture after alkaline ingestion in a 2-year-old

e T

Fig. 3.14. Ménétrier’s disease: Thickened gastric rugae with
no detectable peristalsis in an 8-year-old boy

3.4.3.4
Eosinophilic Gastritis

Almost all patients with eosinophilic gastroenteritis
have a peripheral eosinophilia. A history of allergy
can be obtained in half of the patients. The stom-
ach can be solely involved, but more commonly the
small bowel also participates in the disease pro-
cess. If patients only have eosinophilic gastritis, they
present with epigastric pain, nausea and vomiting
or hematemesis and/or melena, while patients with
eosinophilic enteritis will have diarrhea, malab-
sorption or a protein-losing enteropathy.

On barium studies a strikingly nodular patternin
the gastric antrum can be seen with relative sparing
of thebody and fundus (TEELE et al. 1979) (Fig. 3.15).
HuMMER-EHRET et al. (1998) reported that eosino-
philic gastroenteritis could mimic hypertrophic
pyloric stenosis on US.

3.4.3.5
Chronic Granulomatous Disease of Childhood
(CGDCQ)

Chronic granulomatous disease results from an
inability of phagocytic cells to produce bactericidal
superoxide anions caused by a defect in the nico-
tinamide adenine dinucleotide phosphate (reduced
form) oxidase enzyme of phagocytes. This leads
to recurrent life-threatening bacterial and fungal
infections. About two thirds of patients inherit
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Fig. 3.15. Eosinophic gastritis: thickened mucosal folds and
a suggestion of nodularity in a patient with diarrhea and
eosinophilia. (Courtesy of Dr. Carlo Buonomo, Boston, MA,
USA)

X-linked defects; one-third inherit this disease in
autosomal recessive fashion. Over 75% of patients
present during the first 5years of life. The most
commonly involved organs are those that serve as
barriers against the entry of microorganisms from
the environment (e.g. lymph nodes, lungs, skin, GI
tract, skeleton, upper respiratory tract and central
nervous system) (MOVAHEDI et al. 2004; GARCIA-
EULATE et al. 2006).

Patients with GI tract involvement will present
with abdominal pain (periumbilical or diffuse) with
lower abdominal cramping, diarrhea with or without
blood in the stool, nausea and vomiting, constipa-
tion growth delay or hypoalbuminemia (MARCIANO
et al. 2004).

A barium study (Fig. 3.16) will demonstrate nar-
rowing of the antropyloric region (occurring in up
to 16% of patients) (GRiscom et al. 1974) secondary
to chronic inflammation and fibrosis, which can
eventually lead to gastric outlet obstruction. In some
cases, the proximal duodenum will also be involved.
Ultrasound will also reveal a thickening of the antro-
pyloric wall, simulating HPS. Most patients, however,
will be older than the typical HPS patient.

Fig. 3.16. a CGDC stomach. Antral narrowing in a 7-year-old
with CGDC. b Mid-esophageal stenosis caused by enlarged
lymph nodes in CGDC




124

E. Nijs

3.4.3.6
Crohn Disease

Crohn disease of the upper GI tract is more common
than previously thought. Several studies per-
formed by different authors confirm these findings
(LENAERTS et al. 1989; CAMERON 1991; MASHAKO
et al. 1989; Ruuska et al. 1994; OBERHUBER et al.
1998).

Patients can be asymptomatic of the upper gas-
trointestinal tract involvement and can present with
features of distal ileocolic Crohn disease (crampy
abdominal pain, diarrhea) or they can present with
weight loss, epigastric pain, recurrent vomiting or
hematemesis and melena (GRIFFITHS et al. 1989).

In the detection of Crohn disease of the upper GI
tract, double contrast studies are classically used to
detect the aphthae (a punctate collection of barium
surrounded by a radiolucent halo of edema), which
are typical for onset of the disease. Other findings
include: larger ulcers, thickened folds, distorted,
effaced or rarely cobblestoned mucosa, fistula and
sinus tracts and formation of pseudodiverticula
(Fig. 3.18b). Progressive antral narrowing will
develop over the course of time due to scarring and
fibrosis of the antrum, pylorus or duodenum. Con-
trast studies can also be replaced by upper endos-
copy with biopsy, or MR (GODEFROY et al. 2005;
CASTELLANETA et al. 2004; LEMBERG et al. 2005). US
canalsobe used to follow Crohn disease in the termi-
nalileum and colon (BREMNER et al. 2006), although
no studies have yet been published to evaluate its use
in the stomach and duodenum.

3.4.4
Gastric Perforation

Gastric rupture is mainly seen in neonates due to
acute distention of the stomach, ischemic necro-
sis associated with perinatal asphyxia and distal
obstruction such as annular pancreas (IBAcH and
INOUYE 1965) or duodenal atresia/stenosis. On the
other hand, duodenal rupture in neonates is rare.
Gastric perforation beyond infancy in the pedi-
atric population is also rare. It can be seen in cases
of iatrogenic trauma (tubes and catheters), after
Nissen or other fundoplications in patients with
distal small bowel instruction, after caustic inges-
tion or in patients with blunt trauma to a dis-
tended stomach. Gastric rupture can also be seen in
patients with perforated peptic ulcer and dermato-

myositis, although duodenal rupture is seen more
frequently.

Abdominal X-ray will reveal free intraperitoneal
air on upright or decubitus films (Fig. 3.12), no gas-
tric air-fluid level can be demonstrated.

3.4.5
Bezoars

Bezoars consist of ingested materials that accumu-
late within the GI tract, most commonly the stom-
ach. They are classified according to the composi-
tion of the ingested material: lactobezoar consisting
of milk products; trichobezoar consisting of hair;
and phytobezoar consisting of fruit and vegetable
fibers. A trichobezoar is commonly seen in young
females and sometimes an underlying psychiatric
illness can be associated. Presenting symptoms may
include nausea, emesis, epigastric pain and an epi-
gastric mass.

Ulceration, bleeding, obstruction and perfora-
tion are the most common complications of bezoars
(S1NzIG et al. 1998); an intussusception may also be
seen (BEN CHEIKH et al. 2004).

Upper GI studies were the gold standard for the
diagnosis of gastric bezoar in the past. This has now
been replaced by US, CT or MR (SinNzIG et al. 1998;
BEN CHEIKH et al. 2004; RIPOLLES et al. 2001).

On abdominal radiographs, a bezoar can be rec-
ognized as an area with a mottled gas appearance,
which can be mistaken for an abdominal abscess
or for feces in the colon (R1POLLES et al. 2001). On
US an intraluminal mass with a hyperechoic arc-
like surface and a marked acoustic shadow can
be detected, which must be differentiated from
retained food products in the stomach. Small gas-
tric bezoars are rounded or ovoid, tend to float and
have lower density than food particles on CT. Large
gastric bezoars fill the gastric lumen and will dem-
onstrate multiple small air bubbles throughout the
mass on CT. On MR a gastric bezoar is character-
ized by a very low signal intensity, similar to air,
on T1- as well as T2-weighted sequences, which
makes it difficult to diagnose on MR if it is not
suspected. In most cases, giving water prior to the
examination in order to enhance contrast in the
stomach contents is not necessary (RIPOLLES et al.
2001).

In the evaluation of a gastricbezoaritisimportant
to evaluate the extent of the disease as some patients
will have multiple (other) intestinal locations.
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3.4.6
Foreign Body Ingestion

Foreign body ingestion is not infrequently observed
in children between the ages of 6 months and
3 years. Most objects will pass without problem,
thus in many patients a conservative approach will
be taken. In some, however, (immediate) removal
is mandatory. Open safety pins, objects larger than

6 cm in the stomach (WELCH et al. 1986) and button
batteries (not because of their size but because of
their content) need to be removed, as well as foreign
bodies retained in the stomach or duodenum for
more than 1 week.

A “mouth-to-anus” image is essential to find the
foreign body, an en-face appearance in the neck of a
small round coin proves that it is in the esophagus
(Fig. 3.17a,b).

Fig. 3.17a,b. Coin en-face on AP radiograph, thus located in the esophagus as confirmed on the lateral view

Fig. 3.18. a Juvenile polyposis: gastric polyps in a patient with peroral mucositis (Courtesy of Dr. Carlo Buonomo,
Boston, MA, USA). b Gastritis/duodenitis in an 8-year-old eventually diagnosed with Crohn disease
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3.4.7 3.4.7.1.3
Tumors and Tumor-Like Conditions Other Gastric Polyps

3.4.71
Gastric Polyps

3.4.7.1.1
Familial Adenomatous Polyposis Syndrome (FAPS)

This syndrome is caused by the presence of an
abnormal tumor suppressor gene (APC gene) on
chromosome 5 and it includes Gardner syndrome
(previously known as familial polyposis coli).
More than 50% of these patients will have gastric
involvement. Two different types of polyps have
been recognized: the fundic gland (hamartoma-
tous) polyp and adenoma. The former are mostly
multiple and appear as small, sessile lesions rang-
ing from 1-5 mm in size in the fundus and body
of the stomach (Fig. 3.22). There is generally no
association with chronic nonspecific gastritis and
these lesions are not precancerous. On the other
hand, adenomas are pre-malignant lesions. The
radiographic appearance is similar, but gastric
adenomas are located in the antrum and are mul-
tiple in over half of the cases (Buck and HARNED
2000).

3.4.7.1.2
Hamartomatous Polyposis Syndrome

These syndromes are not as common as FAPS and
include Peutz-Jeghers syndrome, multiple hamar-
toma syndrome (Cowden disease), juvenile polypo-
sis (Fig. 3.18a), Cronkhite-Canada syndrome and
Bannayna-Riley-Ruvalcaba syndrome.

Patients with Peutz-Jeghers syndrome have a
unique type of gastrointestinal hamartoma, which
can be found on barium studies throughout the
alimentary tract from the stomach to the rectum,
but mostly in the jejunum and ileum (followed by
duodenum, colon and stomach). The polyps vary
in size, may be sessile or pedunculated and have a
lobulated surface (larger lesions), tending to occur
in clusters. Clinically, these patients will present
with abdominal pain due to intussusception of one
of the polyps; less frequently they will present with
GI bleeding. These patients are at increased risk of
developing adenocarcinoma of the gastrointestinal
tract (majority located in the stomach, duodenum
and colon) (PEUTZ 1921).

Gastric polyps and nodules can be seen in chil-
dren receiving long-term omeprazole therapy.
PAsHANKAR and ISRAEL (2002) suggested in their
study of 31 pediatric patients that there is an associa-
tion rather than a coincidental relationship between
these two entities.

Other gastric polyps in children include inflam-
matory fibroid polyp, solitary hyperplastic polyp
and polypoid focal foveolar hyperplasia (TEELE and
SHARE 2000).

3.4.7.2
Gastric Lymphoma

GI tumors represent no more than 5% of all malig-
nancies in children (SAsAKi1 et al. 1999). Most fre-
quently, GI malignancy in children is a lympma
or sarcoma (KURUGOGLU et al. 2002). The majority
of primary gastric lymphomas (Fig. 3.19, 3.20a,b)
are high-grade non-Hodgkin lymphomas of B-cell
origin. A notable number, however, are low-grade
B-cell lymphomas that are derived from mucosa-
associated lymphoid tissue (MALT) that is not found
in the stomach. H. pyloriinfection triggers the devel-
opment of MALT in the stomach and is the pre-
requisite in the development of MALT lymphoma.
Primary Burkitt lymphoma of the stomach is very
rare (MoscHoOVTI et al. 2003).

Patients will present with non-specific signs and
symptoms. On US a hypoechoic thickening of the
gastric wall or a mural mass can be seen. The pres-
ence or absence of adenopathy can also be evalu-
ated. CT is used in the initial staging and is able to
evaluate the extension of the primary tumor with
or without invasion of adjacent structures as well
as the coexistence of enlarged lymph nodes. On
barium studies, mucosal nodularity, rugal thicken-
ing, shallow and/or deep ulceration(s), mass forma-
tion or diffusely enlarged area gastricae can be seen
as solitary findings or as a combination of the above
mentioned observations.

3.4.7.3
Gastric Gastrointestinal Stromal Tumor (GIST)

GISTs are rare in children with a broad spec-
trum varying from benign to malignant tumors.
MIETTINEN et al. (2005) suggested in their study
including 44 patients that the pathogenesis of gas-
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tric GISTs may differ from that of adults because no
KIT or PDGFRA mutations could be found. They
also report that these tumors are often found in
the antrum and have a somewhat unpredictable
but slow course of disease. The patients usually
presented with anemia due to chronic insidious
GI blood loss, abdominal pain or a palpable mass
(EGLOFF et al. 2005). On imaging studies, a GIST
will present as a well-defined solid or partially
cystic mass; sometimes hemorrhage, necrosis or
calcification (extensive or in a mottled pattern) can
be seen. Mucosal alteration, intracavitary air-fluid

Fig. 3.19. NHL of the stomach and descending duodenum.
(Courtesy of Dr. Carlo Buonomo, Boston, MA, USA)

Fig.3.20. a A predominantly antral lesion in a 6-year-old
with NHL on this T2-weighted axial image. b A predomi-
nantly antral lesion in a a 6-year-old with NHL on this T1-
weighted coronal image. (Courtesy of Dr. Carlo Buonomo,
Boston, MA, USA)

levels and fistulas to the alimentary tract have been
described (Fig. 3.21a,b).

3.4.7.4
Gastric Adenocarcinoma

Primary gastric adenocarcinoma is extremely rare
in children; it represents only 0.05% of all malig-
nant pediatric gastrointestinal tumors (SAsAKI et al.
1999). Nearly 10% of all gastric cancers will present
in patients younger than 41 years (KokkoLa and
S1pPONEN 2001). There are three different forms of
presentation in the pediatric population: de novo,
as part of a polyposis syndrome (e.g. Peutz-Jeghers
syndrome as mentioned above) and following treat-
ment of a gastric lymphoma (Dokucu et al. 2005).
The prognosis of these patients is very compro-
mised, as described by Dokucu et al. (2005) and
REUT et al. (2001).

On upper GI series, loss of distensibility, distor-
tion of the normal surface pattern of the stomach
with thickened irregular folds and mucosal nodular-
ity orirregular narrowing with or without ulceration
(the ulcer is located intraluminally in contrast to a
benign ulcer which is located beyond the expected
border of the stomach) can be seen anywhere in the
stomach (Fig. 3.22).

CT will be used for staging purposes to assess
lymphadenopathy and to assess invasion of adjacent

organs.
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Fig. 3.21. a B-cell lymphoma of the stomach on upper GI. b B-cell lymphoma of the stomach in a 12-
year-old. (Courtesy of Dr. Carlo Buonomo, Boston, MA, USA)

Fig. 3.22. a Multiple polyps (arrows) in Peutz-Jeghers with malignant degeneration (adenocarcinoma). b This 12-year-old
had a giant osteoma in the left frontal sinus: Gardner syndrome
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3.4.7.5
Gastric Teratoma

Gastric teratoma is an extremely rare gastric tumor,
comprising less than 1% of all teratomas in children
(CHANDRASEKHARAM et al. 2000). They typically
occur in infancy (during the first year of life), most
commonly in boys. The patients will present with an
upper abdominal mass with evidence of proximal GI
obstruction or Gl hemorrhage. The therapy of choice
should be resection. It has an excellent prognosis as
described in a series of seven patients by WAKHLU
and WAKHLU (2002).

Abdominal X-ray may reveal calcifications within
a mass that displaces the stomach. CT is superior as
it can better demonstrate the anatomical relation-
ships with the surrounding organs and suggest the
diagnosis.

3.4.7.6
Gastric Inflammatory Pseudotumor

This entity can simulate a malignant tumor on
radiographic studies and should be considered in
children with other unusual problems such as ret-
roperitoneal fibrosis, sclerosing cholangitis or in

N

patients with Castleman’s syndrome. It should be
added to the differential diagnosis when a gastric
mass contains an ulcer or confined perforation.

3.4.8
Varices

Patients with portal hypertension will develop
collateral pathways over time. Esophageal varices
are very common, but gastric varices may also be
observed (SCHLESINGER and PARKER 2003; ITHA and
YAacHHA 2006).

Barium studies will reveal serpentine filling
defects, which are compressible, typically in the
fundus and along the lesser curvature or less com-
monly in the antrum of the stomach or proximal
duodenum. US and CT can directly demonstrate the
different collaterals.

3.4.9
Gastrostomy

Percutaneous gastrostomy is a well-accepted,

widely performed procedure in three main groups

Fig. 3.23a,b. A misplaced gastrostomy catheter, with contrast agent spillage into the peritoneal cavity
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of patients. The first group includes children with
anatomic disorders of the proximal upper GI tract,
including mouth, pharynx and esophagus, in which
normal feeding is not possible. The second group
consists of neurologically impaired children where
normal swallowing is not possible or safe. The third
group consists of patients who need more nutrition
than normal feeding allows.

Imaging may be performed if a complication is
suspected, such as duodenal obstruction by balloon,
leakage around the gastrostomy tube, malposition
of the gastrostomy tube (Fig. 3.23), gastrocolic and
gastrojejunal fistula and duodenal hematoma. In
most cases, water-soluble contrast agents or non-
ionic low-osmolar contrast agents will be used,
while barium should be used, if at all, with caution
(vaN R1JN et al. 2006).

3.4.10
Post-Operative Appearances of Stomach

One of the most commonly performed procedures
on the stomach in children is pyloromyotomy for
hypertrophic pyloric stenosis. Barium study find-
ings will depend on the time interval between the
surgical procedure and barium study. In the imme-
diate postoperative setting, the radiographic find-
ings will be the same as discussed above in the
preoperative setting. Gradually this will change
over time with the persistence of asymmetry of the
pyloric channel. However, after 6 weeks, the pyloric
channel will appear normal again in most patients,
although some patients will continue to have a
degree of antropyloric dysfunction (which even may

Fig. 3.24. Typical appearance of a Nissen fundoplication
(arrow)

occasionally lead to the retention of foreign bodies)
(BRAMSON et al. 1994).

Another frequently performed surgical procedure
in the pediatric population is antireflux surgery or
the Nissen fundoplication. Post-operative imaging
is focussed on demonstrating normal antegrade
flow and the cuff or “pseudotumor” (Fig. 3.24), its
slippage leading to recurrence of gastroesophageal
reflux.
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41
The Liver

At birth a normal liver can extend below the costal
margin, and occupy two fifths of the abdominal
cavity. However, when the child starts growing,
these proportions will change to adult proportions.
Of the modalities useful in imaging of the liver in
children, ultrasound (US) in particular has proved
to be an excellent screening and diagnostic tool in
children (S1EGEL 2001a). Conventional radiology can
onlyindirectly “image” the liver, CT “costs” ionizing
radiation, while MR is cumbersome and only useful
in targeted instances [magnetic resonance cholan-
giopancreaticography (MRCP), etc.].

Different liver measurements have been reported
for normal neonates, infants, and older children
(Table 4.1), and although those measurements can
be a guideline, the diagnosis of hepatomegaly is
usually a clinical one. On US evaluation a normal
liver in a young infant should not be more than 1 cm
beneath the costal margin, and should be above the
costal margin in older infants and children. At birth
in 50% of neonates the renal cortical echogenicity
is higher than that of the liver of the liver (SPorcqQ
et al. 2007), otherwise the echo texture of the liver
must be similar to the adult echo texture, with a sim-
ilar echogenicity between the hepatic parenchyma
and the renal cortex. However, by 6 months of age,
the echogenicity of the liver will be greater than that
of the kidney (GUBERNICK et al. 2000; TEELE and
SHARE 1991). Evaluation of the intrahepatic and
extrahepatic biliary ducts in order to rule out ductal
dilation is an integral part of US evaluation of the
liver. In neonates, the normal common bile duct
measures less than 1 mm, thus making it too small
to be visualized. A normal measurement expected
in an infant of less than 1 year of age is 2 mm, and
up to 4 mm in older children (Sovyupax et al. 2002;
GUBERNICK et al. 2000).
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Table 4.1. Longitudinal dimensions of right lobe of liver in
neonates, infants, and older children (Soyupax et al. 2002)

Subjects Longitudinal dimensions of
right liver lobe (mm)

Body height Age range

(cm) (months)

47-64 1-3 64 10.4
54-73 4-6 73 10.8
65-78 7-9 79 8.0

On the underside of the liver, a round structure
with a teardrop shape (not spherical) will be seen
by US that corresponds to the gallbladder. A normal
gallbladder should be smaller than the contiguous
kidney and a thin hyperechogenic wall should be
present. In the fasting state, the wall thickness can
be up to 3 mm (S1EGEL 2001a). The normal gallblad-
der length ranges from 1.5 to 3 cm (mean 2.5 cm) in
infants (< 1 year old) and 3-7 cm in older children
(GUBERNICK et al. 2000) (Fig. 4.1).

41.1
Neonatal Jaundice

Shortly after birth, the sclerae and skin may acquire
a yellow appearance secondary to the accumulation
of bilirubin in these tissues. This is called neonatal
jaundice.

There are two types of jaundice, physiologic
and pathologic. Physiologic jaundice is a common
condition that can be observed in 80% of pre-term
newborns and in 60% of normal newborns. It is a
benign condition with increased levels of bilirubin
at the end of the first week of life. Patients are active
and no signs of sepsis or anemia should be present
(GUBERNICK et al. 2000).

On the other hand, pathologic bilirubinemia will
be characterized by jaundice presenting within the
first day of life or persistent after 1 week in term
newborns and 2 weeks in pre-term infants. It is char-
acterized by an increase of bilirubin levels greater
than 5 mg/dl in one day, with levels of direct biliru-
bin greater than 2 mg/dl and total bilirubin greater
than 15 mg/dl. The child is often lethargic and quiet.
The differential diagnosis includes infectious etiolo-
gies such as hepatitis (caused by the TORCH entities
toxoplasmosis, rubella, cytomegalovirus, Herpes
simplex), syphilis, and metabolic diseases such as

Fig. 4.1. a Longitudinal US image shows the normal texture
and a normal gallbladder. b Transverse US image reveals
normal echo texture and a normal portal vein/common bile
duct

alpha 1 antitrypsin deficiency and cystic fibrosis
(GUBERNICK et al. 2000).

Once these causes of jaundice have been excluded,
neonatal hepatitis, biliary atresia (BA) or duct pau-
city syndromes will account for more than two thirds
of the remaining cases of conjugated hyperbilirubi-
nemia in the neonate. In conjunction with nuclear
medicine, US is the primary imaging modality for
differentiating among these diseases and differenti-
ation isimportant, as surgery is the treatment for BA
but not for the other entities (KELLY 1999; MORTELE
et al. 2006; GAZELLE et al. 1998).

4.1.2
Biliary Atresia

Biliary atresia (BA) accounts for the majority of
chronic liver diseases without a genetic cause, and
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is the most common cause of liver transplantation
in children. Although BA is an idiopathic disease,
most cases are thought to be secondary to viral,
metabolic, or vascular insults in susceptible indi-
viduals. Girls are more affected than boys, and a
worldwide incidence of 1:14,000 has been reported
for this condition (SokoL et al. 2003; HINDs et al.
2004).

BA can be viewed as two different entities, the
embryonic and the postnatal form. Approximately
10%-35% of patients will be afflicted by cholestasis
from the first hours of life, and the association of
this cholestasis with different congenital malforma-
tions in these patients will constitute the embryonic
or fetal form. On the other hand, a gradual increase
in bilirubin levels with a clinically evident jaun-
dice after the sixth week of life will characterize the
postnatal form. Acholic stools and hepatomegaly
are other common manifestations (SucHY 2003;
ROSENTHAL 1999).

Antenatally, US is a useful tool for detection of
biliary malformations. The presence of a cystic
structure localized at the hepatic hilum can occur
in BA or may present as a choledochal cyst. However,
if this cyst is small and anechoic it will be more sug-
gestive of an atresia of the biliary canals, while the
presence of an echoic cyst that gradually increases
in size supports a choledochal cyst. The specificity
of these US findings with BA, however, is not well
known (Kim et al. 2000).

Postnatally, the parenchymal pattern of the liver
in a patient with BA may be normal or slightly het-
erogeneous on US examination. The vast major-
ity of patients will have a small gallbladder with a
length less than 1.5 cm or an absent gallbladder.
Absence of the gallbladder is therefore highly sus-
picious of BA, while a normal size gallbladder or a
changein its size after feeding will support neonatal
hepatitis (TEELE and SHARE 1991; KANEGAWA et al.
2003; Kirks and GriscoMm 1998). Some studies have
reported the presence of fibrous tissue close to the
porta hepatis, and US may depict this tissue as a tri-
angular or tubular echogenic structure. Although
a positive predictive value of 95%, and a sensitiv-
ity between 84%-93% has been noted between this
“triangular cord” and BA, inflammatory diseases
and cirrhosis can mask this finding (GUBERNICK et
al. 2000; Jaw et al. 1999; NoRTON 2002; MOWAT et al.
1976) (Fig. 4.2a,b).

Other congenital anomalies such as polysplenia,
midline liver, interrupted inferior vena cava, situs
inversus, preduodenal portal vein, and intestinal

malrotation will support the diagnosis of heterotaxy
syndrome (SoxoL et al. 2003; KiM et al. 2000).

A 99Tc-IDA derivate isotope scan (scintigraphy)
can also differentiate between BA and neonatal
hepatitis. Phenobarbital must be administered for
3-5days to jump-start hepatocellular function. If
the tracer reaches the duodenum, biliary atresia
can be excluded. However, some authors recom-
mend imaging at 24 h to exclude delayed excretion.
Scintigraphy has 50%-75% specificity and 90%-
100% sensitivity for BA (PETERSEN and URE 2003)
(Fig. 4.2¢,d).

MRCP using T2-weighted turbo spin echo
sequences has been helpful in the diagnosis and visu-
alization of choledochal cysts and dilated common
bile ducts. However, in neonates and young infants
the intrahepatic ducts are very thin and their visual-
ization can be challenging. The triangular cord sign
may be seen on MRCP as a high signal intensity area
on T2-weighted images along the portal tract, and
this corresponds to inflammatory tissue and fluid
(K1m et al. 2000; Jaw et al. 1999).

Finally, an intraoperative cholangiogram will
finally depict the anatomy of the biliary ducts and
will assess whether the main right and left hepatic
ducts have the caliber necessary to perform the
Kasai hepatic portoenterostomy (GAZELLE et al.
1998) (Fig. 4.2¢).

A percutaneous liver biopsy will clinch the diag-
nosis. Histological analysis will show bile plugs,
lymphocytic infiltration in the portal tracts and
proliferation of the small intrahepatic bile ducts.
There may also be an absence of the extrahepatic
biliary ducts and the presence of periportal fibro-
sis, which will progress to cirrhosis. The accuracy
of this procedure is reported to be greater than 90%
(GUBERNICK et al. 2000).

Surgical success depends on several factors, such
as the time of operation, extent of fibrosis, and jaun-
dice disappearance. Surgical timing of the Kasai
procedure is one of the most important factors,
showing a 17% success rate when the surgery is done
after 90 days of age, and 91% success rate if it is done
before 60 days of age. Disappearance of jaundice
after surgery has been correlated with survival rates
of between 73%-92% after 10 years; however, if the
jaundice continues, the 3-year survival can be as low
as 20% (SokoL et al. 2003).

In general, after surgery, one third of patients will
require liver transplantation in the first year of life;
another third by their teenage years and the remain-
ing third will have a good outcome.
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Fig. 4.2a-e. Biliary atresia (BA). a Slightly inhomogeneous echo texture of the liver, prominent wall of common bile duct

(CBD) (arrows). b Tiny gallbladder. c,d Tracer uptake in liver, both kidneys, and bladder, but not in a gallbladder or duode-
num. e Transhepatic cholangiography reveals atretic CBD (arrow)
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41.3
Idiopathic Neonatal Hepatitis

Idiopathic neonatal hepatitis is an inflamma-
tion of the liver parenchyma responsible for most
cases of intrahepatic cholestasis, and accounts for
at least 25%-40% of patients with neonatal cho-
lestasis. A multitude of etiologies can be the cause
(GUBERNICK et al. 2000).

Treatment of these patients is medical, with a gen-
erally good prognosis in 80% of cases. However, up
to 20% of cases are progressive and have a mortal-
ity of between 13%-25%. Poor outcome predictors
include: familial occurrence, persistence of jaun-
dice for more than 6 months, and evidence of severe
inflammatory infiltration on histology (GUBERNICK
et al. 2000).

The clinical presentation of a patient with idio-
pathic neonatal hepatitis can be similar to BA; how-
ever, these patients are more likely premature or
between 1-4 weeks of age than those with BA.

Histologically there is a transformation of hepa-
tocytes into giant cells, with lobular disarrange-
ment. Although the bile ducts appear normal, the
differentiation among idiopathic neonatal hepatitis
and BA may be difficult.

US examination will show a normal or enlarged liver
with hyperechogenicity of the parenchyma, and poor
delineation of the peripheral portal venous vascula-
ture. Typically the gallbladder has a normal size but in
some cases it can become small after severe hepatocyte
damage. A decrease in the length of the gallbladder
after feeding will indicate a normal contraction and
supports a diagnosis of idiopathic neonatal hepatitis.

Scintigraphy will show a decreased uptake of 99m
Tc-IDA with excretion into the duodenum. Never-
theless, patients with BA for more than 3 months
may depict a scintigraphic pattern similar to those
with idiopathic neonatal hepatitis.

4.1.4
Cystic Changes in the Liver and Biliary Tree

A choledochal cyst is a dilatation of the common bile
duct that presents with neonatal jaundice (Fig. 4.3).
They are more frequent in females and in the Asian
population with a worldwide frequency of 1:15,000.
Many theories regarding the etiology of choledochal
cysts have been proposed (GAZELLE et al. 1998). In
the neonate a congenital etiology has been proposed,
while in older children it is thought to be secondary

to a pancreatobiliary obstruction that will produce

an increased intraductal pressure and a reflux of the

activated pancreatic enzymes into the common bile
duct. Other possible etiologies include a deficient
autonomic innervation with few ganglion cells in
the distal common bile duct, a retrovirus infection,
and an immune or familial cause.

There are five types of choledochal cysts

(Fig. 4.4a):

e Type I: Dilatation of the common bile duct, which
may be cystic, focal, or fusiform (subtypes A, B
and C, respectively).

e TypeII: Saccular diverticulum of the common bile
duct.

e Type III: Cystic dilatation of the intramural por-
tion of the common bile duct and is contended by
some to represent a duodenal diverticulum rather
than a choledochal cyst.

e Type IV-A: Intrahepatic and extrahepatic dilata-
tion of the biliary tree.

e Type IV-B: Multiple extrahepatic cysts

e Type V: Multiple intrahepatic biliary dilatations,
synonymous with Caroli disease

Type V cystis a rare congenital disease character-
ized by segmental-saccular ductal dilatation. Recur-
rent bacterial cholangitis and stone formation have
been associated with “Caroli disease” (Fig. 4.4b,c)
(TopANI et al. 2003).

On US a choledochal cyst will be seen as a cystic
lesion with a thin wall, well defined borders, and
echogenic material inside the cyst that corresponds
to biliary sludge. However, it is important in the US
evaluation to determine if the cyst is really a dilated
choledochus, if the intrahepatic ducts are compro-
mised, and if there is portal hypertension. As US has
shown a specificity of 97% for choledochal cysts, it is
widely used as the first diagnostic tool (GUBERNICK
et al. 2000; TEELE and SHARE 1991).

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is an excellent tool that affords good
visualization of the biliary ducts, and the extent of
the choledochal cyst. However, in pediatric patients,
and especially in the very young, it can be a chal-
lenging procedure, with an unsuccessful outcome in
5%-30% of all patients.

CT might also play an important role. It allows
for good characterization of intrahepatic cysts, the
distal part of the common bile duct, and the head of
the pancreas, and in post-surgical patients it gives
a very accurate evaluation of the biliary-enteric
anastomosis. However, cholangiography can dem-
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Fig. 4.3a-e. Choledochal cyst dilatation. a-c Cystic dilatation of the CBG at successive caudad levels (type I). d Cystic dilata-
tion noted on 99Tc-IDA scan. e Cystic dilatation of an intrahepatic duct (type III)
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Fig. 4.4. a Classification of choledochal cysts. b,c CT demonstrates multiple cystic dilatation (saccular), signifying Caroli’s
“disease”

onstrate the biliary ducts as well, or better, than CT,
with less radiation exposure but with a morbidity
and sedation risk (KUHN et al. 2004).

In some instances neither US nor CT can deter-
mine whether the cyst has communication with the
biliary tract. Scintigraphy with 99tc at 30 min, 6 h,
and 24 h could then be used. The sensitivity of the
examination may be as high as 100% for type I cysts
or as low as 66% for type IV cysts. However, scin-
tigraphy will not delineate the intrahepatic compro-
mise by choledochal cysts (Lam et al. 1999).

Magnetic resonance cholangiography (MRCP)
T2-weighted sequences provide an evaluation of the
intra- and extrahepatic bile ducts. Other sequences
such as a T1 post-contrast injection provide fine
detail on the periportal spaces, parenchyma, and
blood vessels. Visualization of the entire biliary tree
and the choledochal cysts using MRCP has been
reported (KRAUSE et al. 2002). MRCP provides infor-
mation for the operative planning with less potential
risks than ERCP or percutaneous transcutaneous
cannulation (PTC).

Although CT-cholangiography can depict intra-
hepatic stones and the pancreatic duct better than
MRCP, CT radiation exposure and potential contrast
reactions have limited CT use (MOWAT et al. 1976).

Cyst excision and hepaticoenterostomy is the
definitive treatment of the disease, and will reduce
the 20-fold risk of biliary carcinoma with chole-
dochal cyst. Infants with choledochal cyst may pres-
ent with the classic triad of jaundice, pain, and right
upper quadrant mass; however, this is true only in
15%-20% of cases. Usually, only one of the triad will
be present. Ascites, liver dysfunction, and coagulop-
athy may be found in some patients with progres-
sive disease and without treatment (BEHRMAN et al.
2004).

4.1.5
Polycystic Liver Disease

Two types of polycysticliver disease (PLD) have been
identified: one is related to the autosomal dominant
polycystic kidney disease (ADPKD) linked to PKD 1
or PKD 2, while the second form is an isolated form
totally unlinked to PKD 1 or PKD 2. Patients with
PLD will present liver involvement in approximately
45% of cases (SucHY 2003; PIRSON et al. 1996). While
ADPKD is usually a disease of adults, about 1%-2%
of patients display an early manifesting clinical
course and may die perinatally.
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Early manifesting cases of ADPKD may mimic
the autosomal recessive form (ARPKD) that is usu-
ally an infantile disease and an important cause of
renal- and liver-related morbidity and mortality in
children. Most cases manifest peri-/neonatally with
a high mortality rate in the first month of life while
the clinical spectrum of surviving patients is much
more variable (Fig. 4.5a).

Patients with PLD can present with abdominal
pain, hepatomegaly, and symptoms associated with
renal involvement. Complications of hepatic cysts
include compression of the biliary tree and fever
secondary to cyst infection or abscess formation
(Fig. 4.5b-d).

These hepatic cysts are thought to arise from dil-
atation of biliary microhamartomas (BMH). They
demonstrate a cuboidal epithelial lining with the
same histological appearance as that of the biliary
epithelium, and may contain fluid. These lesions are
generally smaller than 10 cm, surrounded by fibrotic
tissue and localized close to the portal tracts (Sucny
2003).

On US hepatic cysts will be seen as multiple
anechoic lesions that do not communicate with the
liver. Occasionally echogenic debris may be present
inside the cyst,which will correspond to hemorrhage.
Renal evaluation by US demonstrating enlarged
hyperechogenic kidneys will be obvious prenatally
as well as later (KunN et al. 2004) (Fig. 4.5¢,f).

On CT the cyst has lower attenuation than the
surrounding parenchyma. There is usually no indi-
cation for CT in this condition.

On MRI these cysts may show low signal inten-
sity on T1l-weighted images and high signal inten-
sity on T2-weighted images. A heterogeneous signal
inside the cyst suggests hemorrhage. Some patients
with PLD may have portal hypertension and hepatic
venous obstruction. In these cases MRI allows
evaluation of flow direction and compression in
the hepatic vein, portal vein, and inferior vena cava
(KUHN et al. 2004).

Treatment of PLD is very controversial. Ethanol
injection has been used resulting in relief of symp-
toms for 10 years after serial needle aspiration. How-
ever, following this procedure multiple small cysts
might replace the treated cyst. Other alternative
treatments used include stent placement, resection,
or fenestration of the cyst wall. Liver transplantation,
however, is the definitive treatment in a patient with
end-stage PLD and portal hypertension (CHAUVEAU
et al. 2000; ARRIVE and TuBIANA 2003).

4.1.6
Neoplasms

A total of 6% of all abdominal tumors in the pediat-
ric age group occur in theliver, i.e., 30% of all benign
abdominal lesions, and 0.5%-2.0% of all malignant
abdominal lesions (SucHY 2003). An incidence of
1.6 cases/million has been reported (DARBARI et al.
2003).

The malignant neoplasms of the liver most com-
monly seen in children are hepatoblastoma and
hepatocellular carcinoma. Although the incidence
of hepatoblastoma is higher, and has been increas-
ing over the last two decades compared with that
of hepatocellular carcinoma, the survival rates for
hepatocellular carcinoma are lower than those of
hepatoblastoma (DARBARI et al. 2003).

US, CT, and MR imaging are very useful tools in
the evaluation of hepatic tumors. They can help in
the differentiation between benign versus malignant
neoplasms, the extent of the tumor, resectability,
and the response to treatment (Kirks and Griscom
1998; PoBIEL and BisSET 1995; HELMBERGER 1999).

4.1.6.1
Benign Neoplasms

4.1.6.1.1
Infantile Hemangioendothelioma

The infantile hemangioma accounts for the majority
of benign hepatic neoplasms of the liver in infants.
Girls are affected five times more frequently than
boys. The typical age of presentation is in the first year
of life, with approximately 85% of cases having pre-
sented by 6 months of age (Sucuy 2003) (Fig. 4.6a).

Clinical symptoms may vary but abdominal pain
and nausea are common. Other symptoms such as
hemorrhage, consumptive coagulopathy, thrombo-
cytopenia (Kasabach-Merrit syndrome), and car-
diac failure may be seen (SucHy 2003).

On histological examination, hemangiomas of
the liver will present with multiple vascular chan-
nels lined by a single layer of endothelial cells. Based
on the endothelial layer and proliferation, heman-
giomas have been subclassified into typeI andII.
In type I, multiple vascular spaces with immature
endothelial cells will be seen, while in typeII the
vascular spaces will be larger and the endothelial
component will be predominant. Sometimes hem-
orrhage, fibrous tissue, and calcifications may be
found inside the lesion.
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Fig. 4.5a-f. Autosomal recessive polycystic kidney disease
(ARPKD). a Pre-natal depiction of ARPKD. b Gross pathol-
ogy of microcysts in ARPKD. ¢ Hepatomegaly with ascites
suggested on neonatal abdominal radiograph with overall
deformity suggesting ARPKD. d Echogenic liver with a few
cysts (arrows). eLongtitudinal left, ftransverse bilater-
ally midpole. Echogenic, massively enlarged kidneys with
“pepper and salt” pattern
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Hemangiomas usually show as echogenic lesions
on US; however, sometimes a lesion with heteroge-
nous echogenicity or a hypoechoic lesion may corre-
spond with ahemangioma (Fig. 4.6b,c). This variable
echogenicity depends on the extent of vessels and
thrombi inside the structure (SIEGEL 2001a). Besides
the hepatic mass, a decrease in the aortic diameter
distal to the hepatic artery with an increase in the
diameter of the hepatic and celiac arteries will sup-
port the diagnosis. On color Doppler the lesion will
show mixed arterial and venous flow with a high-
frequency peak of systolic shift and high diastolic
flow (SwiscHUK 2005).

On CT, a typical hemangioma will be seen as a
mass with lower attenuation than the adjacent liver.
After contrast injection it will show a peripheral
enhancement followed by centripetal filling on late
images. Some necrotic areas or calcifications might
not enhance. More than 50% of hemangiomas will
contain calcifications on CT.

On MRI hemangiomas will have low signal inten-
sity on T1-weighted sequences, and high signal
intensity on T2-weighted sequences (Fig.4.6d).
Hemorrhage and hemosiderin deposition may be
responsible for a heterogeneous signal pattern.
Acute hemorrhage will have high signal intensity
on Tl-weighted images while hemosiderin will
depict low signal intensity. After contrast injec-
tion an enhancement pattern similar to that seen
on enhanced CT occurs with central enhancement
and uniform distribution to the periphery on delay
images (Fig. 4.6e,f). Other findings include a small
infrahepatic aorta with increase caliber of the celiac
and hepatic arteries (SIEGEL 2001b; FULCHER and
STERLING 2002; MORTELE et al. 1998).

Angiographic evaluation can be performed if
embolization is a consideration. On angiography
the hepatic arteries will show an increased diameter
with early fill of hepatic veins (MORTELE 2002).

4.1.6.1.2
Mesenchymal Hamartoma

Mesenchymal hamartoma of the liver (MHL) is
another benign neoplasm in children. Boys are
slightly more affected than girls. It is very unusual
to find an MHL after 5 years of age. The lesion usu-
ally has a good prognosis (RAMIREZ-GARREDO et al.
2003; YEN et al. 2003).

Typically, patients with MHL will present with a
painless abdominal mass before the first year of life
in 55% of cases. Other symptoms such as decreased

appetite, or cardiac heart failure due to arteriove-
nous shunting are very uncommon (Fig. 4.7a).

Mesenchymal hamartomas are considered to be a
developmental anomaly more than true neoplasm. A
total of 75% of cases are located in the right lobe of the
liver. Histologically MHR arise from the mesenchyma
of the portal tract and will have connective tissue,
blood vessels, lymphatic spaces, bile ducts and normal
hepatocytes (KONEZ et al. 2001; CETIN et al. 2002).

The characteristic appearance of MHL on US is
a large multicystic mass surrounded by solid areas
(“Swiss cheese” appearance) with internal septations
within the cyst. Another distinctive US finding is the
presence of alarge cystic space with thin, mobile sep-
tations. The cyst represents accumulation of fluid in
bile ducts and degeneration of mesenchyma. Some
echogenic material may be seen within the cyst and
most likely represents blood. Some of these tumors
may present with a high amount of solid tissue.
Usually these are the tumors with a high vascular
component and can be depicted with Doppler. The
hepatic origin of mesenchymal hamartomas of the
liver can usually be determined by US; however, in
some exophytic tumors the origin and continuity
are difficult to evaluate (KoNEz et al. 2001).

Typically, MHL will show on CT as a mass with
multilocular elements and with enhancement of the
noncystic components after contrast injection. The
imagenologic characteristics of MHL on CT will
depend on the predominance of the cystic or mesen-
chymatous tissue (CETIN et al. 2002).

On MRI the cystic component of the tumor will
show low signal intensity on T1 and high signal
intensity on T2-weighted images, while the stromal
component of the mass will depict low signal inten-
sity on T1-weighted images due to fibrosis. However,
heterogeneous signal intensity may be seen as well,
secondary to protein or blood within the cyst (CETIN
et al. 2002) (Fig. 4.7b-d).

4.1.6.1.3
Focal Nodular Hyperplasia

Focal nodular hyperplasia (FNH) arises in utero as
an overgrowth of the hepatic parenchyma second-
ary to an arteriovenous malformation of the liver
(SwiscHUK 2005; SOMECH et al. 2001). Although it
commonly presents in the adult population, some
children with FNH have also been reported with
a presentation peak in the pediatric age group
between 6-10 years of age (39% of cases) (SOMECH
et al. 2001).
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Fig. 4.6a-f. Infantile hemangioendothelioma. a Shunt vascu-
larity and an enlarged heart in a 4-month-old with a murmur
and hepatomegaly. b,c US depicts multiple rounded lesions
of heterogeneous echo texture. d Multiple hemangiomas
on T2 imaging. e,fClassic early (e), and late (f) contrast
enhancement pattern on contrast MR
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Fig. 4.7a-d. Mesenchymal hamartoma. a Plain film suggest hepatomegaly; no ascites. b T2 MR image depicts a large cystic
lesion with septations. ¢,d T1 MR confirms the predominantly cystic mesenchymal hamartoma

Typically, these children will present with a pain-
less abdominal right upper-quadrant mass on rou-
tine examination. Other symptoms include vomit-
ing, diarrhea, and weight loss.

Histologically, a single mass involving the left
lobe will be seen in 90% of cases. Only 23% of cases
will present with a multifocal disease. On histology
a lesion with abnormally organized hepatocytes,

Kupffer cells, bile ductules, and well-defined mar-
gins are characteristic. All the bile ductules and
arterial vessels will be dilatated and multiple fibrotic
bands secondary to a central scar will separate the
nodules of hepatocytes.

FNH will show a single slightly hypoechoic
lesion on US; a central scar may be seen, as well as
normal surrounding parenchyma (CARLSON et al.
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2000). The biliary tree may or may not be dilated
(Fig. 4.8a-d).

On unenhanced CT, FNH may appear as isodense
or hypodense compared to the liver parenchyma
with the presence of a low attenuation central scar.
On contrast CT this benign tumor may reveal an
enhancement greater than that of the adjacent liver
during the early phase (arterial and early portal
venous) and may be indistinguishable from adjacent
liver in delayed images, indicating rapid washout of
contrast material from the lesion. Homogeneous
enhancement, smooth surface, a subcapsular loca-
tion, and ill-defined margins may also be shown
(Fig. 4.8e).

As FNH is a tumor with normal hepatic elements,
the signal on MRI will be similar to the surround-
ing liver, showing slightly low signal intensity or
an isointense signal on T1 weighted images, and a
slightly high signal intensity or isointense signal on
T2 weighted images. Usually FNH will present with
a central scar, which will be better depicted on T2-
weighted images as a high signal lesion. Post-gado-
linium images will show an enhancement pattern
that resembles that seen on CT (CARLSON et al. 2000;
MOoRTELE et al. 2000) (Fig. 4.8f-g).

4.1.6.2
Malignant Neoplasms

4.1.6.2.1
Hepatoblastoma

Hepatoblastoma is the third most common intra-
abdominal malignancy (after neuroblastoma and
Wilms tumour) in children. Almost all patients
with hepatoblastoma are younger than 3 years, with
a peak presentation at between 18 and 24 months.
With an overallincidence of 1 per million, premature
children with extremely low birth weight and long
hospitalization have a higher risk for hepatoblas-
toma with a poor prognosis; these patients should
be screened with abdominal US and serum alpha-
fetoprotein early in life. Beckwith-Wiedemann syn-
drome, trisomy 18, familial adenomatous polyposis,
Gardner’s syndrome, and glycogen storage disease
have been associated with increased risk of hepato-
blastoma. Unlike hepatocellular carcinoma, hepato-
blastoma has no association with cirrhosis (OUE et
al. 2003; DACHMAN et al. 1987).

Typically, a hepatoblastoma will present with
hepatomegaly. Increased levels of alpha-fetoprotein
will be present in 90% of cases and will be helpful

in following the patient. Weight loss, fever, and loss
of appetite are other symptoms. When metasta-
ses occur, the lungs and regional lymph nodes are
commonly involved, but also the skeleton, ovaries,
brain, and eyes.

Abdominal radiography may show hepatomegaly
asevidencedbyelevation of therighthemidiaphragm
and displacement of intraluminal air by an enlarged
liver (Fig. 4.9a). Although not diagnostically specific,
coarse, stippled and solid hepatic calcifications may
be present in the right upper quadrant. Chest radi-
ography may demonstrate pulmonary metastases
and can aid in the differential diagnosis. Plain films
cannot localize the tumor to the liver definitively,
distinguish between the solid or cystic nature of a
neoplasm, or provide information regarding tumor
vascularity (KUHN et al. 2004).

An hepatoblastoma can present as a solitary mass,
with or without satellite lesion or as multiple nod-
ules throughout the liver (RoEBUCK 2006). On US,
hepatoblastoma presents as a mass with ill-defined
borders, and heterogeneous echogenicity, showing
slightly more echogenic areas compared to the sur-
rounding parenchyma and anechoic areas that cor-
respond to necrosis or hemorrhage. Calcifications
can also be present (Fig. 4.9b).

Visualization and evaluation of intrahepatic vas-
cular structures is important because hepatoblas-
tomas can invade or compress the portal and the
hepatic veins. Absence of the portal branch or pres-
ence of a thrombus supports portal vein invasion.
Although the inferior vena cava can be invaded, US
examination overestimates the incidence of oblitera-
tion of this vessel (SIEGEL 2001a; KUHN et al. 2004).

Sulfur-colloid liver scintigraphy may show large
filling defects in the hepatic parenchyma, with
prominent tracer avidity at the site of the tumor
within a few seconds of the appearance of the bolus
in the abdominal aorta. This increased activity per-
sists into the venous phase. Hepatoblastomas may
demonstrate increased uptake on delayed imaging,
but this is rare (Sucuy 2003).

On CT, the appearance of hepatoblastoma varies
greatly. Prior to contrast administration, the
tumor may appear as a, or multiple, homogeneous
hypodense mass(es) (epithelial-type tumor); how-
ever, it may demonstrate a more heterogeneous
appearance (mixed mesenchymal-epithelial tumor),
corresponding to areas of necrosis or hemorrhage
(Fig. 4.9c-g). Vascular compression and tumor
extension is also well assessed. Calcifications may be
present and follow-up CT after chemotherapy may
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LONG LIVER

Fig. 4.8a-g. Focal nodular hyperplasia. a Area of decreased
echogenicity in the leftlobe of the liver (asterisk). b Enlarged
view of (a) (arrowheads). c Low Doppler signal. d Arterial
Doppler signal of same. e CT liver demonstrates enhancing
of the lesion. f MR of FNH (arrows). g Pooling of contrast
agent in FNH (arrows)
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Fig. 4.9a-g. Hepatoblastoma. a Plain film demonstrates hepatomeg-
aly and multiple round lesions in the chest. Patient with hepatoblas-
toma in which (b1): US shows highly echogenic lesion posteriorly
in the liver; scar may be visible; and (b2): MR image of same, in
the coronal plane. c-e CT of the abdomen depicts heterogeneous
enhancement of multiple lesions, with tumor extension into the IVC
(arrow). f,g CT of chest reveals multiple metastatic lesions
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show an increase in these calcifications as a normal
finding (Kirks and Griscom 1998).

Following the injection of IV contrast, hepato-
blastomas may demonstrate an inhomogeneous
enhancement pattern, usually with a higher density
compared to the surrounding liver parenchyma.
A peripheral rim of enhancement, which corre-
sponds to compressed parenchyma may be observed
if imaging is performed during the early arterial
phase. If peripheral enhancement is seen, delayed
serial scans at a single level of the tumor can be per-
formed to distinguish hepatoblastoma from heman-
gioendothelioma.

On MRI, hepatoblastoma will have low signal
intensity on T1-weighted images, and heterogeneous
high signal intensity on T2. Sometimes high signal
lesions can be seen on T1-weighted images and rep-
resent hemorrhage. Hypointense bands on T1- and
T2-weighted images might also be seen and will cor-
respond to fibrotic tissue. However, MRI has been
used more in the evaluation of tumor extension,
vascular compression, and complications than for
diagnosis. In the evaluation of parenchymal exten-
sion of the tumor and lymph node infiltration, MRI,
and STIR sequences in particular, have proved to
be a useful tool. Although STIR is very effective in
determining abnormal abdominal nodes, it cannot
differentiate between reactive lymph node versus
malignant infiltration (Kirks and GRiscom 1998).

Evaluation of the hepatic vasculature is essential
before tumor resection. MRI or CT can show vascu-
lar involvement even without contrast enhancement.
Other modalities such as 3D MRA have been used for
this purpose, with the advantage that the images can
be studied in both the arterial and venous phases
(HALILOGLU et al. 2000).

In patients in whom noninvasive cross-sectional
images fail to demonstrate crucial anatomy prior to
resection or transplantation, angiography may be
required. Sometimes a “spoke-wheel” arrangement
of the arteries is present (GAZELLE et al. 1998; KIRKS
and GriscoMm 1998).

4.1.6.2.2
Hepatocellular Carcinoma

After hepatoblastoma, hepatocellular carcinoma
(HCC) account for the majority of malignant tumors
of the liver in patients between 5 and 15 years. Males
are affected more than females, and 25% of these
patients will usually have an underlying liver con-
dition such as cirrhosis, biliary atresia, hereditary

tyrosinemia, glycogen storage disease, or chronic
hepatitis. At diagnosis, half of the patients will have
metastatic disease and elevated levels of alpha-feto-
protein will be found. In the United States, HCC has
a prevalence of 0.2%-0.7% of children, while in Asia
and sub-Saharan Africa a prevalence of 5.5% has
been reported (KATZENSTEIN et al. 2003).

A total of 65% of patients with HCC will be older
than 10 years of age. The typical presentation will
be a child with an abdominal mass or abdominal
distension on physical examination. Although not
common, abdominal pain, anorexia, weight loss, or
hemoperitoneum may also be present (KATZENSTEIN
et al. 2003).

Macroscopically, a mass that involves both the
right and left lobes will be found in 70% of cases.
On histological analysis HCC will show giant tumor
cells with large trabeculae arranged in an acinar
pattern. Necrosis and vascular involvement are
commonly seen. Often there is vascular invasion
of the portal system and less frequently that of the
hepatic vein and IVC. A variant of HCC is fibrola-
mellar HCC, which will present with a central scar in
76% of patients on macroscopic examination.

HCC can be represented on US as a hypo- or
hyperechogenic mass depending on the amount of
fat, or even as a heterogeneous mass with ill-defined
borders located in the hepatic parenchyma. It may
look identical to a hepatoblastoma. The presence of
shadowing foci within the tumor will suggest intra-
tumor calcifications. Evaluation of vascular inva-
sion and dilatation of the portal vein will be seen
with color Doppler with conventional gray-scale US
(S1EGEL 2000) (Fig. 4.10a).

On unenhanced CT, HCC is shown as a low
attenuation heterogeneous mass. Heterogenicity in
attenuation indicates either necrosis or hemorrhage.
Lesions may be missed if early vascular imaging is
not performed. On enhanced CT, a heterogeneous
hypervascularity may be seen. Tumors smaller than
3 cm tend to enhance on arterial phase, while in
larger tumors this enhancement pattern is non-spe-
cific. Fibrolamellar HCC has specific features on CT.
It will be seen as a mass with well-defined borders,
calcifications, central scar and abdominal lymph-
adenopathy. The tumor will enhance in a heteroge-
neous pattern and show areas of hypervascularity
(SIEGEL 2000; IcHIKAWA et al. 1999). The central scar
does not enhance in the arterial phase but may do so
in the portal or equilibrium phase (Fig. 4.10b,c).

On MRI, HCC will show low signal intensity on T1-
weighted images and high signal intensity or isoin-
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Fig.4.10a-c. Hepatocellular carcinoma. aUS: irregular
echo texture with areas of shadowing. Enhanced CT of
the liver arterial phase (b) and portal phase (c) shows the
slightly enhanced lesion with a suggestion of a central scar
(arrows)

tense to surrounding liver on T2-weighted images.
Sometimes hyperintense areas might be seen on T1-
weighted images and will represent hemorrhage or
steatosis. A central scar may be present and is charac-
teristic of fibrolamellar HCC. Other neoplasias such
as focal nodular hyperplasia may also present with a
central scar, but in fibrolamellar HCC the central scar
will depict lower signal intensity compared with the
surrounding tumor, while in focal nodular hyperpla-
sia the central scar has high signal intensity on T2-
weighted images. Vascular evaluation for thrombus
detection involving the portal vein can be carried out
with MRI. If the thrombus enhances, this indicates
that it is composed of tumor, and will contraindicate
embolization or transplantation (SIEGEL 2000).

4.1.6.2.3
Embryonal Rhabdomyosarcoma of the Biliary Tree

Embryonal rhabdomyosarcoma is responsible for
only 1% of rhabdomyosarcoma (RMS) in children.
There is no difference between genders and it occurs
typically in children less than 5 years of age.

Since the tumor arises in the intrahepatic ducts,
intrahepatic cyst, gallbladder, extrahepatic ducts, or
in a choledochal cyst, jaundice will develop in 60%-
80% of patients. Other manifestations include vom-
iting, fever, and abdominal distension (ROEBUCK et
al. 1998).

US is used to evaluate the size of the tumor, the
vascular involvement, and biliary tract compromise.
Usually, biliary dilation, an intraductal mass with
or without portal vein displacement, may be seen.
Necrosis might be present in these tumors, especially
when they are extensive (GAZELLE et al. 1998).

On CT, embryonal rhabdomyosarcoma will be
seen as a hypodense lesion with heterogeneous
attenuation localized in the hilum, but sometimes
may be seen in one lobe. After contrast injection the
tumor will have a very variable enhancement. Con-
trast CT is very helpful in the evaluation of vascular
involvement, and after surgery it helps to identify
post-surgical abscess or hematomas (GAZELLE et al.
1998) (Fig. 4.11a).

On MRI, embryonal RMS may show low signal
intensity on T1-weighted sequences and high signal
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intensity on T2-weighted sequences. After contrast
injection a heterogeneous enhancement pattern
will occur. Bile duct dilatation and bile duct irregu-
larities are also easily noted. However, if the tumor
arises in an intrahepatic duct the diagnosis may be
challenging (GAZELLE et al. 1998) (Fig. 4.11b-e).

On percutaneous transhepatic cholangiography
(PTC), extensive filling defects in the biliary tree
may be seen with or without obstruction of the
extrahepatic bile ducts. PTC can be performed in
cases of RMS without biliary dilation and is very
useful if there is an obstructive jaundice (GAZELLE
et al. 1998).

4.1.6.2.4
Undifferentiated Embryonal Sarcoma

Undifferentiated embryonal sarcoma (UES) is a rare
and highly malignant hepatic neoplasm, affecting
almost exclusively the pediatric population. A total
of 63% of patients are between 6-10 years of age, and
it commonly occurs in the first two decades of life.
It has a survival rate of 40% at 3 years (O’SULLIVAN
et al. 2001; LAck et al. 1991).

Abdominal pain located in the right upper quad-
rant or epigastrium and an abdominal mass are the
principal findings in the initial examination. Other
manifestations such as jaundice, chest pain, fever, and
cardiac murmur (due to extension of the tumor into
the right atrium and ventricle) are very rarely seen.

Usually the tumor is a cystic or necrotic mass that
involves the right lobe of the liver.

On histologic analysis a mass with spindle shaped
cells surrounded by a mucopolysaccharide rich
stroma with necrosis or hemorrhagic tissue, and
surrounded by a fibrous pseudocapsule will be seen
in a great number of cases.

On US, UES may show a heterogeneous mass with
multiple anechoic or hypoechoic areas that corre-
spond to cysts and may involve as much as one-fifth
of the liver. Other areas will show a heterogeneous
signal with isoechoic and hyperechoic areas com-
pared with the adjacent liver (GAZELLE et al. 1998;
MooN et al. 1994; BUuETOW et al. 1997).

On non-enhanced CT, the mass will appear as a
large lesion with low attenuation, septations, and a
peripheral rim. On enhanced CT, besides solid com-
ponents, (peripheral) septa may also enhance. Cen-
tral areas of increased attenuation may be present
and likely represent acute hemorrhage, while fibrous
tissue surrounding the lesion constitute the periph-
eral rim.

MRI reveals a lesion that is predominantly
hypointense on T1-weighted images and hyper-
intense on T2-weighted images. However, in T1-
weighted images, areas of high signal intensity may
be seen within the tumor, which correspond to hem-
orrhagic tissue on pathologic analysis. If a pseudo-
capsule is present, it will be of low signal intensity
on both T1- and T2-weighted images (CHOWDHARY
et al. 2004).

4.1.6.2.5
Metastatic Lesions

Neuroblastoma, Wilms tumor, and lymphoma are
the major tumors of childhood that spread to the
liver. Metastatic tumors can also be classified as
hypervascular or non-hypervascular metastatic
tumors. Hypervascular metastatic tumors include
carcinoid tumors, pancreatic islet tumors, melano-
mas, choriocarcinomas, pheochromocytomas, thy-
roid carcinoma and renal cell carcinomas. These
tumors will show an intense enhancement on CT
and MR images, with usually low signal intensity
on T1-weighted images and high signal intensity on
T2-weighted images. Metastatic neuroblastoma will
be seen on US as small hypoechoic lesions within
the liver parenchyma (Kirks and GRriscom 1998;
Lack et al. 1991; BroDy et al. 1989; WEINREB et al.
1984) (Fig. 4.12).

4.1.7
Hepatitis

Hepatitis is a general term that refers to acute or
chronic inflammation of the liver. This condition
may result from various infectious and nonin-
fectious etiologies. Infectious etiologies include
viral, bacterial, fungal, and parasitic organisms
(GAzELLE et al. 1998; SucHY 2003; Kirks and
Griscom 1998).

4.1.71
Viral Infection

Usually hepatitis is caused by a viral infection,
mostly hepatitis virus type A and B; however, hepa-
titis C, D, E and other viruses such as CMV, Epstein
Barr, herpes, and AIDS-HIV may also be involved.
The clinical manifestations depend on the insult
with jaundice, nausea, vomiting, and pyrexia com-
monly seen.
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Fig. 4.11a-e. Embryonal rhabdomyosarcoma of the biliary tree. a CT reveals a large mainly cystic mass. b,c Pre- and
post-contrast MR images show irregular yet florid enhancement. d,e Thrombus is shown in the hepatic veins second-
ary to the obstructing lesion
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On US the liver will usually have a normal echo
signal. However, in severe cases, the hepatocytes
will swell and fatty infiltration will occur, and this
may appear as a hyperechoic liver with increased
echoes in the portal vein radicles. The gallbladder
wall may be thickened and an increase in the size of
the lymph nodes around the portal vein and around
the cystic duct may be visualized.

Children with chronic hepatitis will initially have
a hypoechoic liver that will advance to a heteroge-
neous liver and finally to a small liver with a hyper-
echoic signal.

On CT, livers with acute hepatitis are usually het-
erogeneous in attenuation, with areas of low attenu-
ation due to the presence of edema and lymphocytic
portal infiltration. Areas of nodular regeneration
will have high attenuation on unenhanced CT and
low attenuation after contrast injection. Necrotic
areas will be seen as low attenuation areas on unen-
hanced CT, and will show higher attenuation than
surrounding parenchyma on contrast CT. Enlarged
lymph nodes close to the hilum or hepatogastric
ligament may also be present.

Fig.4.12a-c. Metastatic lesions.
a,b MRI showing multiple bright
intensity lesions in a patient with
metastatic lymphoma. ¢ CT showing
metastatic lesion in the right hepatic
lobe

In 80% of patients with acute hepatitis, MRI may
demonstrate areas ofhigh signalintensity close to the
periportal region on T2-weighted images. Necrotic
tissue may be seen in fulminant hepatitis and will
have high signal intensity on T2-weighted images
and low signal intensity on T1-weighted images.
After an episode of fulminant hepatitis, peripheral
regeneration in the liver will be seen as nodular
areas of high signal intensity on T1-weighted images
and low signal on T2-weighted images.

4.1.7.2
Bacterial Infection

Pyogenic liver abscess is a rare disease in the pedi-
atric patients with an incidence of 25 per 100,000
hospital admissions; however, it has a high mortality
rate, especially in immunocompromised patients,
patients with multiple (or ruptured) abscesses, and
patients with chronic granulomatous disease.
Patients usually present with fever,abdominal pain,
right upper quadrant tenderness, and hepatomegaly.
Although the principal etiologic agent involved is
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Staphylococcus aureus in immunocompromised and
immunocompetent patients, other organisms such
as Streptococcus, Escherichia coli, Klebsiella, pseu-
domonas, and proteus anaerobic bacteria are also
common. Diagnosis is by aspiration or biopsy.

Elevation of the right hemidiaphragm, infiltra-
tion, atelectasis, and pleural effusion is often seen
on conventional radiography.

US examination is the primary imaging tool for
evaluation of immunocompromised patients with
intrahepatic or extrahepatic abscess. Usually, pyo-
genic liver abscesses are localized in the posterior
right lobe, and will be seen as hypoechoic lesions
with ill-defined borders and good sound transmis-
sion in 75% of cases. Image characteristics can vary
from a sonolucent to echogenic mass; the wall can
be thick or thin and/or ill defined (containing fluid
or gas/air).

CT will define the abscess cavity well, and also
allows for evaluation of the ductal system.

On MR, a hepatic cyst will be evident if the lesion
is greater than 5 mm. Usually, MRI will demonstrate
a low signal intensity lesion on T1-weighted images
and high signal intensity lesion compared to the
surrounding liver on T2-weighted images. Absence
of signal inside the lesion will represent air, and
low signal intensity signal on T2 inside the abscess
may correspond to protein debris. In post-contrast
images, the abscess will be seen as a low signal inten-
sity mass with a peripheral ring with high intensity
signal. Some necrotic or cystic tumors may resemble
hepatic cyst. Diffusion weighted MRI has been used
to differentiate these lesions: liver abscesses will
typically show hyperintensity on DW images and
hypointensity on ADC maps, while cystic or necrotic
tumors will show hypointensity on DW images and
hyperintensity on ADC maps (CHAN et al. 2001).

4.1.7.3
Fungal Infections

Fungal infections of the liver are very rare in normal
patients. They are more typically seen in immuno-
compromised patients secondary to chemotherapy
or AIDS-HIV.

The clinical presentation will vary depending on
the area of infection and the systems involved. Symp-
toms such as fever, abdominal pain, hepatomegaly or
splenomegaly may be present but are very unspecific.
Candida is the most common etiological agent iso-
lated in these patients. Other etiologic agents include
aspergillus, cryptococcus, and mucormycosis.

US may demonstrate different patterns of hepatic
lesions depending on the stage of the disease. Inacute
candidiasis, an echogenic lesion with a peripheral
hypoechoic rim may be seen, while in the healing
stage the lesion will be pure echogenic with varying
intensity of the posterior acoustic shadow, the so-
called “wheel-within-wheel” appearance.

On CT, hepatic candidiasis may be seen as a non-
enhancing low attenuation lesion within both lobes
of the liver and spleen. Sometimes a central high
attenuation foci may be seen and represent the can-
didal hyphae. Some of these lesions may also show
rim enhancement (Fig. 4.13).

MRI has replaced the liver biopsy in the evalu-
ation and diagnosis of immunocompromised
patients with a suspected fungal infection in the
liver. Liver candidiasis will be encountered as dis-
crete areas of high signal intensity on T2-weighted
images with a progressive decrease in the signal
intensity as the lesion is treated (SIEGEL 2001b;
SALLAH et al. 1998).

41.7.4
Parasitic Disease

4.1.7.4.1
Hydatid Cysts

The two most prevalent subtypes of hydatid disease
are: a unilocular cyst caused by Echinococcus gran-
ulosus (worldwide prevalence) and will have a right
lobe localization; and a multilocular cyst caused by
E. alveolaris (northern hemisphere only) (CZERMAK
et al. 2001). Children usually become infected
through exposure to canine feces or by eating food
contaminated with tapeworm eggs, which hatch in
human small intestine under the influence of gastric
and intestinal secretions.

An abdominal mass with pain is a common man-
ifestation. Loss of appetite is a frequent symptom,
and weight loss and weakness may occur. Approxi-
mately 80% of hydatid cysts will be localized in the
liver, and may compress the porta and biliary ducts
producing jaundice or cholangitis.

Hepatic echinococcal cysts have been classified
into four groups based on US findings: typel is a
simple anechoic fluid-filled cyst; type IR is a cyst
with undulating membrane secondary to rupture;
type Il is a cyst with a daughter cyst, and type IIl is
a densely calcified, echogenic cyst with shadowing.
It has been proposed that the natural progression is
from type I to III.
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On CT, E. granulosus cysts appear as well-demar-
cated thin or thick walled hypo-attenuating struc-
tures. CT can identify the small dissections of the
parasitic fluid into the pericystic space with collapse
of the parasitic membrane. This is pathognomonic of
E. granulosus and has been called the “snake” sign
because of the undulated membrane appearance.
Peripheral calcifications may be seen in advanced
stages.

Hydatid cyst can be identified on MRI as unilocu-
lar structures with low signal intensity inside the cyst
on T1l-weighted images. At the bottom of the cyst a
structure with intermediate signal intensity can be
visualized and it represents the hydatid sand. On
T2 sequences, the cyst will have high signal inten-
sity with a low intensity rim surrounding the lesion.
Typically, a mother cyst will have greater signal
intensity than a daughter cyst. In some patients,
the unilocular cyst will have an increased intensity
inside the cyst on T1-weighted images, which corre-
sponds to proteins and lipids (KUHN et al. 2004).

Fig.4.13a-c. CT of candidiasis. a Multiple rim-enhancing
lesions in the liver, focal defects in the spleen: candida in
an immunocompromised patient. b,c Ascites, enhancing
pancreatic tissue

4.1.7.4.2
Amebiasis

Amebiasis is a parasitic infection caused by the pro-
tozoon Entamoeba histolytica. It is the third leading
parasitic cause of death worldwide, surpassed only by
malaria and schistosomiasis. Amebiasis canlocalize
in many different locations besides the bowel. One
of the most common extraintestinal manifestations
is the amebic liver abscess, which usually occurs in
children less than 3 years of age, with a peak inci-
dence in the first year of life (EL1zoNDO et al. 1987;
GIOVAGNONI et al. 1993).

The child will present with abdominal pain, fever,
and hepatomegaly at the initial examination. An
acute abdomen may be the initial manifestation of a
ruptured amebic abscess in some patients; however,
this is very uncommon.

US is preferred for the evaluation of amebic liver
abscess because of its low cost, rapidity, and lack of
adverse effects (KUHN et al. 2004). Amebic abscess
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can be identified on US as hypoechoic lesions with
good sound transmission through the cyst. Some-
times it may be difficult to differentiate between
amebic versus pyogenic abscesses by US. However,
amebic abscesses are usually multiple and in very
close proximity to one another. They have a central
area of liquefaction that will be seen on US as a cen-
tral hypoechoic area. Some are more likely to have
a peripheral halo and better defined borders com-
pared to pyogenic abscesses.

CT may demonstrate multiple cysts adjacent to
the liver capsule, with ill-defined margins.

On MRI, a well-defined lesion with heterogeneous
signal intensity on Tl-weighted images and with
high signal intensity on T2-weighted images can be
identified. Some abscesses may show a peri-lesional
rim with increased signal intensity that corresponds
to edema. After treatment the abscesses are typically
seen as homogeneous lesions with low signal inten-
sity on T1-weighted images, and with concentric rims
and decreased of edema on T2-weighted images.

4.2
The Pancreas

4.2.1
Anatomy and Embryology

There are differences between the pancreas in adults
and children. In children, the pancreas will be con-
sidered enlarged if the pancreatic neck is bigger than

Fig. 4.14. Scheme of the
anatomy and relation-
ship of the pancreatic in
pancreas divisum. Note
the reversal of the rela-
tive size of the ducts.
(Drawing adapted from
F.N. NETTER [1964] The
Netter Collection of
Medical Illustrations-
Digestive System-part
I1II)

1.5 cm in its anteroposterior diameter. The antero-
posterior measurement of the head and body should
be similar and not exceed 1 cm in the newborn and
2 cm in the adolescent and it is usually more trans-
verse in orientation allowing oblique US scans a nice
view of the whole gland (KUHN et al. 2004).

The normal pancreas will form at week 6 from the
rotation and fusion of the ventral and dorsal buds.
The ventral bud will constitute the posterior and
inferior part of the pancreatic head and the unci-
nate process, while the dorsal bud will constitute
the body, tail, and the anterior head. During the 7th
week, the main pancreatic duct of Wirsung and the
accessory duct (Santorini) will fuse and migrate to
the papilla of Vater, close to the common bile duct.

Deviation of this process will result in different
congenital anomalies of the pancreas. For instance,
in some patients, the pancreatic ducts will not con-
nect. Inthese patients the duct of Santorini will drain
the main portion of the pancreas into the papilla
minor, while the main pancreatic duct of Wirsung
will drain only the posterior and inferior portion
of the head and uncinate process in the duodenum
through the papilla major after joining the common
bile duct. This congenital anomaly is called a pan-
creas divisum (Fig. 4.14).

4.2.2
Congenital Anomalies
Congenital anomalies of the pancreas are typically

incidental findings. In few patients are these anoma-
lies associated with important clinical symptoms.

Principle duct of Wirsung, relatively small
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4.2.2.1
Annular Pancreas

An annular pancreas is the result of an abnormal
fusion of ventral and dorsal buds during the 6th
week of embryogenesis. These patients will have a
“ringed” pancreas surrounding the duodenum that,
with growth, may lead to narrowing of the descend-
ing duodenum. These patients may present in the
newborn period with complete duodenal obstruc-
tion, often after the first feeding. Some symptoms
include polyhydramnios in utero, feeding intoler-
ance in newborns, vomiting or recurrent pancre-
atitis. Other anomalies such as esophageal atresia,
tracheoesophageal fistula, duodenal stenosis, duo-
denal atresia, trisomy 21, and malrotation have been
associated with annular pancreas (GAZELLE et al.
1998).

In annular pancreas, the duodenum is often
compressed at a point distal to the ampulla of
Vater, making bilious vomiting a hallmark symp-
tom. Abdominal distention is typically not a feature
because of the proximal location of the obstruction.
Patients may not pass meconium, or bowel move-
ments may cease abruptly. A more insidious form
of chronic partial duodenal obstruction may also
occur.

In neonates, plain radiographs may reveal a spec-
trum from a “double-bubble” sign with little or no
air in the distal bowel to a normal plain film abdo-
men. This radiographic finding correlates with a
high gastrointestinal obstruction such as malrota-
tion/midgut volvulus, duodenal atresia, and duode-
nal web (GAZELLE et al. 1998) (Fig. 4.15a).

US may show an enlarged pancreatic head or a
solid band of pancreatic tissue around the (possibly
dilated) duodenum with gastric dilatation (GAZELLE
et al. 1998).

On CT, an annular pancreas (with or without
pancreatitis) may be seen as enlargement of the
pancreatic head, surrounding the second portion
of the duodenum. Follow up CT may demonstrate
calcifications limited to the annulus of the pancreas
(GAZzELLE et al. 1998).

On ERCP, various ductal configurations may be
seen. A classification of six types of annular pan-
creas according to the site into which the duct of the
annulus drains has been reported (GAZELLE et al.
1998).

On MRI, the normal pancreatic tissue has higher
signal intensity compared with other tissues on T1-
weighted images with fat saturation. This signal is
due to the high concentration of proteins inside the
acini. An annular pancreas will be seen on MRI as

Fig. 4.15. a Classic UGI image of annular pancreas. b MRCP image of an annular pancreas causing relative
obstruction of the descending duodenum
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a high signal intensity tissue encircling the second
part of the duodenum (Fig. 4.15b). MRCP has been
used to classify the annular pancreas according to
the different duct subtypes and to evaluate the con-
comitant presence of pancreas divisum (N1js 2005;
CHEVALLIER et al. 1999).

4.2.2.2
Ectopic Pancreas

Ectopic pancreas is described as the presence of
pancreatic tissue without an anatomic or vascular
connection with the pancreatic body. This ectopic
tissue may be localized anywhere in or outside of the
gastrointestinal tract. Common sites in the gastro-
intestinal tract are the stomach, duodenum, and the
proximal jejunum, and less commonly in the appen-
dix, the diverticulum of Meckel in 5% of cases, or
the ileum in just 1% of cases. Extraintestinal local-
ization, such as in the wall of the gallbladder, the
bile ducts in the liver, the hilum of the spleen, the
omentum, the perigastric or periduodenal area, may
be seen in only 4% of cases (GAZELLE et al. 1998).

If the ectopic pancreatic tissue is localized in
the stomach or duodenum it may be detected on a
barium study as a small broad-based submucosal
mass with central umbilication. This central umbili-
cation corresponds to remnants of pancreatic ducts.
The “bull’s eye” appearance represents barium
accumulation inside these remnants (GAZELLE et al.
1998).

Better delineation of ectopic pancreas may be seen
on CT as a round mass with a variation of borders in
the antral wall of the stomach; a localization in the
fundus is very unusual. After contrast injection the
ectopic pancreatic tissue will enhance with a similar
pattern to the normal pancreas. Cystic dilation of an
ectopic pancreatic duct, ectopic pancreatic tissue in
the perigastric fat, or malignant transformation of
ectopic pancreas have been described but are rarely
seen (CHo et al. 2000).

4.2.2.3
Pancreas Divisum

Pancreas divisum is the most common congenital
anomaly of the pancreatic duct system. It arises from
an incomplete fusion of the dorsal and ventral pan-
creatic ducts. The incidence of pancreas divisum
at autopsy ranges between 4.7% and 11%, but in
patients with unexplained pancreatitis the incidence
can be as high as 25.6%. Multiple attacks of pancre-

atitis with severe and intermittent epigastric pain
but with normal amylase levels are common mani-
festations of pancreas divisum. Affected children
are usually between 5-18 years of age (GAZELLE et
al. 1998).

ERCP is a very useful tool for the evaluation of
pancreas divisum. It will show a short duct of Wir-
sung, limited to the head of the pancreas, without
filling of the main pancreatic duct. The accessory
papilla can be cannulated and the accessory duct of
santorini draining the residual part of the gland will
be found.

Absence of union between the dorsal and ven-
tral ducts, with a ventral duct directly entering the
common bile duct, will be encountered on thin-sec-
tion CT (Fig. 4.16a).

The ductal abnormality in pancreas divisum
may be diagnosed by MRCP often only after secre-
tin stimulation (S-MRCP) (Fig. 4.16b,c). The duct of
Santorini may be enlarged and the pancreas may
demonstrate the characteristic features of pancre-
atitis. However, the detection of pancreas divisum
at S-MRCP might be more difficult when stones or
strictures are present in the ventral or dorsal pan-
creatic ducts (MANFREDI et al. 2000).

4.2.2.4
Pancreatic Agenesis, Hypoplasia, and Dysplasia

Complete agenesis of the pancreas is usually incom-
patible with life. Therefore, pancreatic aplasia or
hypoplasia is uncommon in humans. Patients with
pancreatic hypoplasia will have a normal develop-
ment of the pancreas in size and shape but later in
life will have a replacement of the glandular ele-
ments with fatty tissue. Some of these patients will
present with an abnormal exocrine pancreatic insuf-
ficiency and normal endocrine function. Children
with syndromes such as Schwachman-Diamond,
Beckwith-Wiedemann, polysplenia bilobed lungs,
and congenital heart disease have a higher relative
risk of hypoplasia of the pancreas (GAZELLE et al.
1998).

4.2.2.5
Cystic Fibrosis

Cystic fibrosis (CF) is a common autosomal reces-
sive disorder of the sodium and chloride channels,
and it is characterized by dysfunction of exocrine
glands and secondary failure to thrive, frequent foul
stools and pancreatic insufficiency. The damage to
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Fig. 4.16a-c. Pancreas divisum. a CT: distinctly seperate
masses of pancreatic tissue. b,c MRCP: a slightly deformed
part of the pancreatic head with the duct of Wirsung
(arrow), as well as the rest of the pancreas containing the
duct of Santorini (arrowhead)

the pancreas starts in utero, with a progressive dila-
tation of the acini and pancreatic ducts with sec-
ondary fibrosis and fatty replacement. Microscopic
findings will include atrophy and cyst formation of
the pancreatic stroma before the first year of life.

On US, the pancreas with CF is characteristically
of an echogenic texture secondary to fatty infiltra-
tion (Fig. 4.17). An enlarged pancreas may be seen
initially with a subsequent atrophy later in life.
Pancreatic duct dilatation and calcifications may
be seen. Small cysts (anechoic areas) without vas-
cular communication can be identified. Although a
hyperechogenic pancreas is very typical of CF, some
other diseases such as Schwachman-Diamond syn-
drome (exocrine pancreas insufficiency associated
with bone marrow dysfunction, cyclic neutrope-
nia, metaphyseal diastasis and growth retardation),
hemosiderosis, chronic pancreatitis, and admin-
istration of steroids may also reveal this feature
(FEIGELSON et al. 2000).

CT may demonstrate an atrophic, fatty pancreas
with heterogeneous attenuation. Areas of low atten-
uation will correspond to cysts, while areas of high
attenuation will represent calcifications. Partial or
total fatty and fibrous replacement are also com-
monly seen in these patients. There may be a cor-
relation between the degree of fatty infiltration and
the pancreatic exocrine dysfunction (FEIGELSON et
al. 2000).

MRI of CF can depict four different patterns.
In the first pattern, a diffuse, high signal intensity
with lobular features will be seen; the second will
show a diffuse homogeneous hyperintensity without
lobular features; in the third, the pancreas will have
high signal intensity with focal areas of no change
in signal intensity; and in the fourth, a normal pan-
creas might be observed. In some cases the multi-
ple cysts can be seen throughout the entire gland,
replacing the normal tissue. This feature has been
called pancreatic cystosis (FEIGELSON et al. 2000).
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4.2.2.6
Von Hippel-Lindau Disease

Von Hippel-Lindau disease (VHL) is an autosomal
dominant condition secondary to an alteration in
a tumor suppressor gene on chromosome 3. It has
incomplete penetrance and is characterized by
hemangioblastomas in the retina, CNS, renal cell
carcinoma, endolymphatic sac tumors, pheochro-
mocytomas, papillary cystadenoma of the epididy-
mis, angiomas of the liver and kidney, cysts of the
liver, kidney and epididymis, and pulmonary arte-
riovenous shunts (Fig. 4.18a-c).Inthe pancreas, VHL
may have multiple presentations, the most common
being the presence of multiple small pancreatic cysts
with calcifications in 40% of cases. Serous cystad-
enomas, solid nonfunctional islet cell tumors, and
adenocarcinoma are less common (RICHARD et al.
2004).

US will reveal pancreatic cysts. On CT these cysts
will have lower attenuation than the normal pancre-
atic parenchyma, and calcifications might be seen
with unenhanced and enhanced CT (CHOYKE et al.
1990; HouGH et al. 1994).

On MRI, clusters of cyst may be resemble micro-
cystic adenoma of the pancreas; however, this
lesion is most commonly found in adult patients.
Microcystic adenomas show high signal intensity
on T2-weighted images and are lobulated, with
internal septations. Blood inside the cyst may be
seen on Tl-weighted images as high signal inten-
sity lesions. Post-gadolinium images will show
enhancement of the septations (TATTERSALL and
MOoORE 2002).

4.2.2.7
Pancreatic Cysts

The pancreatic cyst can be congenital or acquired
and can be subclassified depending on the epithe-
lium lining the cyst. Congenital pancreatic cysts
may present as solitary, multiple, or alimentary
tract duplications. Von Hippel-Lindau syndrome,
trisomy 9, tuberous sclerosis, Meckel-Gruber syn-
drome, and polycystic kidney disease have been
associated with multiple congenital cysts. These
cysts may be numerous and can transform the pan-
creas into a cystic mass (GAZELLE et al. 1998; BAKER
et al. 1990) (Fig. 4.18d,e).

Solitary congenital cysts may be the least common
cystic pancreatic lesion, with only 25 documented
cases having been reported. Two additional patients

were identified on prenatal US scan. Patients with
pancreatic cysts may present with an asymptomatic
mass upon physical examination or a symptomatic
mass with abdominal distension.

CT and US may demonstrate a low attenuating
lesion or an anechoic defect typically located in the
tail of the pancreas. This lesion can be unilocular
or multilocular with multiple septae. The differen-
tial diagnosis includes cyst of renal origin, as well
as choledochal, mesenteric, ovarian, and urachal
cysts. ERCP and HIDA scans can be used to identify
communication with the pancreatic duct or biliary
tree.

Fig.4.17a,b. Cystic fibrosis.
b Echogenic pancreas on US (arrowheads)

a Classic chest radiograph.
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Fig. 4.18a-e. Von Hippel-Lindau. a-c MRI: Inhomogeneous
hemangioblastomas in the pons. d,e US: multiple cysts of
varying sizes in the pancreas (asterisks)
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On the other hand, pancreatic pseudocysts rep-
resent the most common cystic masses in the pan-
creas. Pseudocysts are usually fluid collections with
a thick wall that arise secondary to infections or
trauma. Differentiation between a true cyst and a
pseudocyst by imaging is very difficult and can only
be done by microscopic examination.

4.2.3
Pancreatic Neoplasia

In the pediatric population, pancreatic tumors are
very unusual entities. They account for less than 5%
of all malignancies in children. These tumors may
arise from the exocrine or endocrine pancreas. Exo-
crine neoplasias include ductal adenocarcinoma,
acinar adenocarcinoma, pancreaticoblastoma, or
infantile adenocarcinoma. Endocrine tumors or
islet cell tumors are named after the hormone pro-
duced, with insulinoma being the most common in
children (WALKER 1996).

4.2.3.1
Carcinoma of Exocrine Pancreas

4.2.3.1.1
Adenocarcinoma

Adenocarcinoma of the pancreas in childhood is
exceedingly rare, with the majority of patients diag-
nosed between 3 and 18 years. Abdominal pain and
mass are the most common manifestations in the
initial exam. This tumor has a bad prognosis in
children, and patients with Peutz-Jeghers syndrome
have been associated with a higher risk (x100-fold)
of pancreatic adenocarcinoma.

On US, pancreatic adenocarcinoma will be seen
as a heterogeneous mass with hyperechoic and
anechoic areas. Involvement of the vessels can be
identified on US.

CT may demonstrate a mass with heterogeneous
density, due to cystic elements, hemorrhagic tissue,
loss of fat planes, dilatation of bile and pancreatic
ducts.

ERCP is useful in the evaluation of a small mass
causing obstruction of the ductal system. MRCP is
as sensitive as ERCP and may prevent inappropri-
ate explorations of the pancreatic and bile ducts in
patients with suspected pancreatic carcinoma in
whom interventional endoscopic therapy is unlikely
(GAzELLE et al. 1998; CHUNG 2006).

4.2.3.1.2
Pancreaticoblastoma

Pancreaticoblastoma, or infantile adenocarcinoma,
is a rare tumor in children (MONTEMARANO et al.
2000; ROEBUCK et al. 2001). It usually presents in the
fourth year of life with males being more affected
than females. This tumor commonly arises from the
head or tail of the gland, and has been associated
with Beckwith-Wiedemann syndrome. Microscopic
analysis will show proliferation of poor differenti-
ated squamous cells surrounded by a fibrous cap-
sule. Although it has a better prognosis than the
adult adenocarcinoma, metastases can occur and
are commonly present at the time of the initial exam
or diagnosis. Common sites for metastases include
the liver and lymph nodes. Lung and brain metas-
tasis are rarely seen. Usually, vanillylmandelic acids
(VMA) are not elevated but the alpha-fetoprotein
is.

US evaluation may show a large mass with hem-
orrhage, necrosis, and degeneration within the
tumor.

On CT, a well-defined mass with multiple lobules
and septal enhancement after contrast injection may
be found. The tumor may encase mesenteric vessels
and the inferior vena cava. A complex mass with
areas of hyperechogenicity and hypoechogenicity
may also be seen.

On MRI, pancreatoblastomas are heterogeneous
lesions with predominant low signal intensity on
T1-weighted images and high signal intensity on
T2-weighted images. After contrast injection, the
tumor will reveal intermediate signal intensity
and will be isointense compared with the spleen
on T1-weighted images, with lower signal intensity
relative to the spleen on T2-weighted images. In
some patients, MRCP has been used to define and
determine the level of obstruction of the biliary
system.

4.2.3.1.3
Frantz Tumor

Solid-pseudopapillary tumor of the pancreas (SPT),
the so-called Frantz tumor, is an exceptionally rare
neoplasmin children almost exclusively seen in ado-
lescent girls. Its origin remains enigmatic. It is of low
malignant potential. Although SPT is a rare differ-
ential diagnosis of a pancreatic mass in children, it
is mandatory to establish this diagnosis since com-
plete surgical removal of the tumor (even in case
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Fig. 4.19. Frantz Tumor

of metastases or local invasion) offers an excellent
prognosis (REBHANDL et al. 2001) (Fig. 4.19)

4.2.3.2
Endocrine Pancreatic Neoplasia

Neoplasias that arise from the endocrine portion of
the pancreas can be classified as secretory or non-
secretory (Gouya et al. 2003). When secretory, the
endocrine tumor will be subclassified according to
the type of hormone produced (insulin hormone,
gastrin hormone, or active peptides). Insulinomas
are the most common endocrine tumors, while
glucagonomas or somatostatinomas have not been
reported in children.

Nesidioblastosis is a hyperplasia of primitive
pancreatic islet cells, i.e., B cells secreting insulin,
and may be responsible for 5% of cases of hyperin-
sulinism and hypoglycemia in pediatric patients.

The clinical presentation of patients with endo-
crine pancreatic tumors will vary according to the
type of hormone released. Hyperinsulinism mani-
fested with diarrhea, abdominal pain, and low
levels of glucose will be found in the majority of
patients. Nesidioblastosis is a primitive pancreatic
B cells hyperplasia. Approximately 5% of patients
with hyperinsulinism may have this type of tumor.
Hunger, jitteriness, lethargy, apnea, and seizures are
common manifestations in newborns with nesidio-
blastosis, while older children may show diaphore-
sis, confusion, or unusual behavior. Zollinger-Elli-
son syndrome will present with intractable peptic
ulcers. Patients with vipomas will have watery diar-
rhea, hypokalemia, and achlorhydria, while mul-
tiple endocrine neoplasias have been reported with
multiple endocrine neoplasia type 1 (MEN I).

Islet cell tumors are very difficult to visualize
on US; however, sometimes small and well-defined
hypoechoic round lesions with a hyperechoic cap-
sule may be found.

On CT, an area of low attenuation with calcifications
and disruption of the normal contour can be identified.
On enhanced CT, the tumor will show a momentary
enhancement that will be higher in the arterial phase
compared with the portal venous phase.

On MR], a low signal intensity mass compared to
a high signal pancreas will be seen on T1-weighted
fat suppressed spin-echo images. Because of the
high vascular component of these tumors, they will
appear on dynamic or contrast enhanced MR more
hyperintense and with greater conspicuity than the
normal pancreas.

4.2.4
Pancreatitis

Pancreatitis is defined as an inflammation of the
pancreas, which can be classified as acute or chronic
(GAZELLE et al. 1998). Acute pancreatitis can be sub-
classified in acute interstitial (edematous) or acute
hemorrhagic form. Typically, patients with pan-
creatitis will present with abdominal pain, nausea,
vomiting, and elevation of the pancreatic enzymes
in the acute form.

4.2.4.1
Acute Pancreatitis

In children, the incidence of acute pancreatitis is 2.7
cases per 100,000 children younger than 15 years.
Many etiologic factors have been associated with
pancreatitis in childhood, with the most common
cause being blunt trauma. Other etiologies such as
organ transplantation, malignancies, drug induced
(valproic acid), biliary tract disease, viral infections,
and idiopathic have been described. These etiologies
are different from those seen in adults.

OnUsS,anacuteinflammation may showanincrease
in the duct calibers, with a diffuse swollen hypoechoic
gland (CHAO et al. 2000). Extrapancreatic fluid col-
lections occur in about 50% of patients, mostly in the
anterior pararenal space and this may be the only find-
ing. Some studies have found a correlation between the
diameter of the pancreatic duct and serum lipase level.
Early US is a helpful tool for identification of stones in
the biliary tract in jaundice patients, and Doppler US
may diagnose splenic vein thrombosis.
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CT may demonstrate duct dilatation, focal areas
oflow attenuation in the pancreatic parenchyma that
correspond to fluid collections (KingG et al. 1995).
Necrosis is recognized as a focal or diffuse area of
non-enhancing pancreatic tissue. The pancreas can
be enlarged or normal. Other findings include extra-
pancreatic fluid collections located in the anterior
pararenal space, lesser sac, lesser omentum, and
transverse mesocolon. Peripancreatic fat stranding
and pancreatic pseudocyst are sometimes encoun-
tered (GEIER et al. 1990).

It is not uncommon to find pancreatic pseudo-
cysts after an episode of traumatic pancreatitis or
chronic pancreatitis, and some pseudocysts compli-
cating hemolytic uremic syndrome or mediastinal
pseudocysts have been reported. CT will reveal a
round hypodense structure with a thin or thick wall,
which may enhance after contrast injection. Some of
these pseudocysts can cause complications, present-
ing with obstruction of the common bile duct, infec-
tion, abscess formation, rupture of the pseudocyst,
and can be responsible for splenic vein thrombosis
or splenic hemorrhage. CT is the primary imaging
tool to visualize and identify these complications
(GEIER et al. 1990).

MRCP is a very useful imaging tool used to iden-
tify possible etiologies of pancreatitis such as abnor-
mal union of the pancreatobiliary junction, chole-
dochal cyst, or pancreas divisum, in patients with
unknown cause (ARCEMENT et al. 2001; HIROHASHI
et al. 1997).

4.2.4.2
Chronic Pancreatitis

Chronic pancreatitis is a rare entity in children.
Amongst the principal causes of chronic pancreati-
tis are hereditary pancreatitis, autoimmune condi-
tions (sclerosing cholangitis), and CF. CT features
of chronic pancreatitis include a focal or diffuse
increase in pancreatic size, dilatation of the main
pancreatic duct (almost always present), intraductal
calcifications, or pseudocyst formation. ERCP can
be used in children with unknown pancreatitis to
identify and treat cases of biliary obstruction and
structural cases of chronic pancreatitis.

4.2.4.3
Hereditary Pancreatitis

Hereditary pancreatitis is an autosomal dominant
disorder that presents as a dysfunction of the pan-

Fig.4.20. Hereditary pancreatitis. CT image of shrunken
pancreas with calcifications. The patient’s father had a simi-
lar CT appearance

creas (inflammation) during the first decade of life.
Usually each episode will last between 2 days and
2 weeks. US will reveal a shrunken fibrotic pancreas
with calcifications, and CT will show dilatation of
the ductal system, pancreatic stones or pancreatic
complications (Fig. 4.20). Approximately 15% of
patients with hereditary pancreatitis may have pan-
creatic carcinoma in adulthood.
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5.1
Introduction

The radiological approach to the pediatric upper
and lower gastrointestinal (GI) tract varies accord-
ing to the clinical condition of the child, the patient’s
age and the differential diagnostic considerations.

The imaging procedures should be performed in
a problem-oriented fashion in order to minimize the
risks and to maximize the diagnostic benefit.

All efforts must be made to reduce irradiation,
the so-called ALARA principle. Especially in young
children with chronic disease, repeated imaging
evaluation should be as streamlined as possible.

Special attention should be paid to reduce any
psychological trauma in these young children (e.g.
catheterization of the urethra) and the environ-
ment of the radiology room should be adapted to
calm and be user friendly for neonates and young
children (e.g. the ambient experience) (DEvos and
MERAD]JI 2003).

One can simplify the approach to analyzing the
causes of disorders of the GI tract in children as
congenital anomalies are not as prevalent in later
life and the differential diagnosis is significantly
affected by the age of the child. Thus, the entities
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affecting the pediatric GI tract will be categorized
into three groups: neonatal, infantile and childhood
diseases, each subdivided into acute and non-acute
conditions (DEvos and MERADJI 2003).

Some of the pathologies of the small intestine are
discussed in Chapter 1.In the current chapter, there-
fore, little or no attention will be paid to (midgut
volvulus) malrotation, the atresias, meconium ileus,
meconium peritonitis, duplication cysts, necrotiz-
ing enterocolitis (NEC) and intussusception.

5.2
Imaging Techniques

5.2.1
The Abdominal Plain Film

An abdominal plain film is usually the first imag-
ing procedure, especially in acute abdominal condi-
tions. It can give worthwhile information and can
positively influence the choice of subsequent imag-
ing techniques.

Inacuteclinical conditionsachild should have films
in two directions (Fig. 5.1) instead of one, a supine and
a cross-table horizontal beam radiograph.

On a supine film changes such as dilatation with or
without obstruction, calcification and displacement
of normal structures can all be identified and local-
ized. Multiple (distended) loops are indicative of distal
pathology (Fig. 5.2), whereas a few (distended) loops
suggest proximal intestinal pathology (Fig. 5.3).

On a cross-table (or a left lateral decubitus) horizon-
tal beam film the anatomic position of the small bowel
and colonicloops is easily recognized (Fig. 5.1, arrows).
Because of the dorsal (retroperitoneal) positioning of
ascending and descending colon as well as rectum,
these loops can be distinguished from the small bowel,
which has an intraperitoneal ventral position. Fluid
levels, as well as free intraperitoneal air collections due
to intestinal perforation, are also better appreciated on
a cross-table or left lateral decubitus film.

5.2.2
Contrast Examinations

In general the contrast medium used to evaluate
the GI tract is a suspension of barium sulfate as
it is cheap and easy to use. In patients at risk for
aspiration, such as (pre-)term neonates, non-ionic
contrast agent is preferred because of the lower risk
of dehydration. Ionic water-soluble contrast media
are used when a large amount of contrast medium is

Fig. 5.1a,b. Normal radiographs of abdomen in an infant with anatomic position and normal intestinal gas distribution.
Peripheral (AP) low (lateral) location (single arrow) depicts colon; asterisk depicts small bowel
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needed, such as in enemas for hydrostatic reduction
of an intussusception.

If bowel perforation or predisposition for pulmo-
nary aspiration is suspected, barium is contraindi-
cated because of the risk of granuloma formation in
both lungs and the peritoneal cavity, in the abdomen
adhesions or peritonitis. The reported side-effects of
water-soluble contrast media such as hypothyroidism
in neonates and allergic reaction in later life are rare.

Fig. 5.2a,b. Jejunal atresia with multiple distended loops and fluid
levels on lateral film

Fig. 5.3a,b. A neonate with a highly distended duodenum and stomach due
to duodenal atresia. No passage of gas seen distally

In evaluating for abnormalities of the proximal
digestive tract (proximal or few loops seen), contrast
will be given orally or via a feeding tube placed in
the stomach or selectively in another intestinal loca-
tion. For suspected abnormalities of the ileum or
below (distal or many loops seen), the contrast will
be administered rectally.

Contrast examinations will elucidate the anatomy
and the motility pattern of the GI tract.
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5.2.3
Ultrasound (US)

As visualization with US is limited by intraluminal
intestinal air, it can be useful to prepare the bowel
with a mild laxative. Fasting should be a minimum
of 3h to optimally visualize the gallbladder and
minimize gaseous distension. US is easy to perform,
can be done at bedside, does not use ionizing radia-
tion, is not cumbersome for the child and can be
repeated as often as necessary.

US is the screening modality of choice in the
child suspected of appendicitis, pyloric steno-
sis and intussusception, and has already proven
its utility in diagnosing other diseases both as
a screening and as a follow-up modality. Other
indications will be discussed in the appropriate
sections.

5.2.4
Computed Tomography (CT)

CT has a superior contrast resolution compared with
that achieved on conventional radiographs. Optimal
bowel filling and distension of the lumen with water
or contrast media is essential to evaluate bowel loops
and its surroundings. We must keep in mind that
CT implies an increased radiation exposure. The
information gained must justify the increased radia-
tion burden. Indications for CT use include trauma,
intestinal wall and liver/spleen parenchymal eval-
uation, abscesses and tumor staging (DEvos and
MEeRADJI 2003; Nicoraou et al. 2005; BOUDIAF et
al. 2001).

5.2.5
Magnetic Resonance Imaging (MRI)

The superior tissue resolution and the multiplanar
imaging capabilities without using any ionizing
radiation are all advantages of MRI. However, the
long examination times, the need for sedation or
general anesthesia in young children and high costs
are limiting factors for this technique. MRI plays an
important role in staging primarily retroperitoneal,
intraspinal mass lesions and postoperatively in ano-
rectal/cloacal malformations. Recently it has been
more frequently used in patients with inflammatory
bowel disease (DEvos and MERADJ12003; FROKJAER
et al. 2005).

5.3
Congenital Diseases in the Newborn

5.3.1
Duodenal Obstruction

Duodenal obstruction is the most common cause
of proximal (high) intestinal obstruction in new-
borns. It can be complete (atresia) or incomplete
(stenosis). Atresia is caused by failure of recannula-
tion. Approximately 30% of patients with duodenal
atresia have Down syndrome. Duodenal stenosis can
be the consequence of internal or external causes
that impede re-canalization such as malrotation
with or without volvulus, a duodenal web, pancreas
annulare and duplication cysts (CARTY et al. 2005;
PARKER 2003; GRIER 1999; DEvos and MERADJI
2003; BERROCAL et al. 1999). Prenatal diagnosis of
a ‘double bubble’ with polyhydramnios in 40% of
cases is more common today. Clinical manifesta-
tions are persistent (bilious) vomiting from the first
hours of life, possibly complicated by dehydration.
The abdomen is flat, scaphoid or minimally dis-
tended.

A conventional abdominal (plain) film in two
directions (including a horizontal beam) may show
a (markedly) dilated stomach and the proximal part
of the duodenum.

Most important in these cases is to exclude con-
ditions that are life-threatening for the patient. As
intestinal malrotations may lead to bowel ischemia,
which may subsequently lead to bowel necrosis, the
patient’s life is at risk when less than 3 in. of small
bowel remain (ANDRASSY and MAHOUR 1981).

In the case of atresia, there will be no air in other
parts of the intestinal tract, the so-called ‘double
bubble’ sign (Fig. 5.3). No other imaging modality is
then needed. However, the ‘double bubble’ sign may
be absent if the patient has vomited, has a feeding
tube or if there is intermittent passage of air.

In the case of duodenal obstruction with similar
clinical signs as atresia, but with air distal to the
duodenum, intestinal malrotation should be ruled
out.

The sign of an intestinal malrotation is some-
times recognizable on an abdominal plain film in
which the small bowel will be located in the right
upper abdomen. When this is observed, color Dop-
pler sonography shows in 85% of the cases an abnor-
mal position and course of the superior mesenteric
artery with dextroposition to the superior mesen-
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teric vein and the small bowel will lie in the right
instead of the left upper quadrant (Figs. 5.4 and 5.5)
(CArTY etal. 2005; PARKER 2003; GRIER 1999; DEVOS
and MERADJI 2003; BERROCAL et al. 1999).

An upper GI tract examination (with low osmo-
lar water soluble contrast medium) is the optimal
study to verify whether normal bowel rotation has

Fig.5.4. An infant with intestinal malrotation
on US. Abnormal position of the superior mes-
enteric arteria dextropositioned to the mesen-
teric vein

Fig.5.6. a UGL: determines normal rotation by identifying
the duodenojejunal junction (ligament of Treitz). b Intesti-
nal malrotation demonstrated with a barium enema. Local-

ization of jejunum in right upper quadrant. The duodenum
does not cross the spine

occurred, and the imaging hallmark for this is to
identify the position of the duodenojejunal junc-
tion (ligament of Treitz) (Fig.5.6a). Radiographi-
cally this implies, with an anteroposterior supine
positioning of the patient, that the duodenojejunal
junction is to the left of the vertebral column and at
the same level or more superior than the duodenal

Fig.5.5. An infant with intestinal malrotation.
Note the abnormal position and course of the

superior mesenteric artery and vein imaged by

color Doppler sonogram (the “whirlpool sign”)
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bulb. In malrotation the duodenum courses into the
right upper quadrant and does not cross the spine
(Fig. 5.6b) (CARTY et al. 2005; PARKER 2003; DEVOS
and MERADJI 2003; BERROCAL et al. 1999).

To avoid the risk of aspiration, the contrast
mediumisinjected in verysmall proportions (DEvOs
and MERADJ12003). A contrastenema cannotreliably
exclude malrotation as in 15%-20% of normal neo-
nates the caecum has not yet descended, which will
occur in the subsequent 6-12 months (BERROCAL et
al. 1999).

A duodenal web or diaphragm is part of the spec-
trum from an atretic duodenum to a fully recana-
lized duodenum with a central opening. The radio-
logical findings are identical to any other type of
duodenal stenosis. The so-called ‘windsock’ appear-
ance is easy to demonstrate as a curvilinear web that
evacuates contrast medium through a tiny small
central opening (Fig. 5.7a). The contrast medium is
selectively administered through a feeding tube of
which the tip is placed in the proximal duodenum
(DEvos and MERADjI 2003).

Annular pancreas with complete or incomplete
duodenal obstruction is another cause of duodenal
obstruction. Its cause is persistence of the left lobe
of the ventral pancreatic bud around the sixth week
of gestation that then raps around the duodenum
causing a ring-like eccentric narrowing (Fig. 5.7b).
The clinical and radiological findings are the same

as other types of duodenal obstruction (CARTY et
al. 2005; PARKER 2003; DEvos and MERADJI 2003;
BERROCAL et al. 1999).

Duodenal duplication and diverticula are rare
and incidentally cause a duodenal stenosis. A cystic
non-communicating duplication is easy to detect
sonographically while a communicating duplication
and diverticulum can only be visualized by gastro-
intestinal contrast examinations.

5.3.2
Jejunal and lleal Obstruction

Neonates with jejunal or ileal obstruction may also
present with bilious vomiting depending on the level
(most likely proximal) of obstruction. This clinical
symptom is usually less severe than in duodenal
obstruction.

A distended abdomen is virtually always pres-
ent the more distal the level of intestinal obstruc-
tion. Failure to pass meconium may be an additional
symptom. Atresia of the jejunum and ileum is twice
as common as duodenal atresia, about equal in jeju-
num and ileum, with an incidence of 1 in 4-500
live births. Multiple atresias occur in 10%-20% of
cases (CARTY et al. 2005; PARKER 2003; GRIER 1999;
DEevos and MERADJI 2003; BERROCAL et al. 1999).
Intestinal vascular accidents, such a thromboem-

Fig. 5.7. a Duodenal stenosis caused by a duodenal web with a “windsock” appearance. b Eccentric nar-
rowing of the descending duodenum at the level of the sphincter of Oddi: annular pancreas
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bolic occlusion, hypoxia or volvulus, are thought
to be the cause of an atretic jejunum or ileum. This
ischemic event may also cause perforation leading to
meconium peritonitis. The atretic or stenotic intes-
tinal segment is mostly monoloculated and rarely
multiloculated.

The radiological diagnosis of obstruction is usu-
ally visible on the conventional (plain) radiograph. In
uncomplicated cases these radiographs of the abdo-
men are sufficient. The pre-atretic intestinal loops are
dilated because of accumulation of large amounts of
fluid and fluid levels are usually present on horizon-
tal beam films. In case of jejunal atresia only a few
loops of distended jejunum are present in the left
upper abdomen, while in ileal atresia many dilated
loops are identified. In complicated cases, especially
with an abnormally distended and painful abdomen,
a colon enema or US can be useful- particularly from
the differential diagnostic point of view to exclude
meconium ileus or meconium peritonitis. In case of
atresia, a microcolon without the presence of meco-
nium is usually found (DEvos and MERADJ1 2003).

5.3.3
Meconium Peritonitis

An ante- or peri-natal perforation of the intestinal
tract results in an aseptic chemical peritonitis as the

Fig.5.8. a A neonate with a distended, practically gasless
abdomen characteristic for meconium peritonitis. The
streaky and flocculent calcifications in the peritoneal cavity
are specific. b A neonate with meconium peritonitis and a
rounded cystic calcification located intraperitoneally. Dis-
tended abdomen with reduced intestinal air

sterile bowel contents (such as desquamated cells,
lanugo hairs and vernix) escape into the peritoneal
cavity causing an intense inflammatory reaction.
This chemical peritonitis may lead to adhesions,
granulomata, cystic changes and frequently to cal-
cifications. The calcifications may extend into the
scrotal cavity. Antenatal perforation due to meco-
nium ileus in patients with cystic fibrosis is fre-
quently the main cause of meconium peritonitis.
A newborn with meconium peritonitis may have a
distended, painful abdomen and may be lethargic.
The child may have bilious vomiting and often pro-
duces no meconium.

Diagnosis is made by plain film and US. Plain
film shows a swollen abdomen with a few or no air-
containing bowel loops (Fig. 5.8). The bowel loops
may be variably dilated. Often calcifications are
visible. US shows not only the calcifications but
also the extraluminal meconium and cystic fluid
accumulations. The wall of the intestine is thick-
ened (Fig. 5.9) (PARKER 2003; DEvos and MERAD]JI
2003).

5.3.4
Meconium lleus

For a more in depth discussion of meconium ileus
please refer to Chapter 1.
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Fig. 5.9. Ileal duplication cyst in an infant with meconium
peritonitis. Note the additional punctate calcifications and
echogenic meconium intraperitoneally (arrows)

5.3.5
Megacystis-Microcolon-Malrotation-Intestinal-
Hypoperistalsis Syndrome (MMMIHS)

The MMMIHS is a rare cause of intestinal obstruc-
tion and consists of a massively dilated bladder,

malrotated microcolon and absent or ineffective
peristaltic activity of the bowel. The disease is more
common in females. Clinical symptoms are vomit-
ing, failure to pass meconium, absent spontaneous
micturition and a distended abdomen.

Onabdominal plain film a highly distended abdo-
men caused by a distended urinary bladder may be
identified.

A contrast examination of the upper GI tract may
show dilated small bowel without peristaltic activity
while on a colon enema a microcolon will be noticed
(Fig. 5.10). US demonstrates a large urinary bladder
with dilated ureters and pyelocaliceal systems.

5.4
Acquired Diseases in the Newborn

5.4.1
Perforation

Perforation of the GI tract is mostly iatrogenic. Both
stomach and esophagus can incidentally be perfo-
rated by feeding tubes. The treatment with prosta-
glandins in case of patients with a patent ductus of
Botalli can also be complicated with a perforation
of the GI tract. Rectal use of a thermometer is inci-

Fig. 5.10a-c. MMMIHS: highly distended stomach on contrast study with slow passage of contrast. Very little peristaltic
activity. a,b Note the unusual microcolon and distended bladder (catheter). Secondary hydronephrosis because of dilated
bladder. ¢ Dilated system can be seen on EU, with the atonic, large bladder with dilatation of the pyelocaliceal system
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Fig. 5.11a,b. Pneumo-
peritoneum in an infant
with ileal perforation.
Free air outlining

the GI tract. Note the
visualized falciform
ligament. a Supine film
with “football sign”;

b “cupula sign”, free
air under the cardiac
silhouette

dentally followed by rectal perforation (DEvos and
MERADJI 2003).

Sepsis, obstructions and vascular accidents,
especially necrotizing enterocolitis, are all non-iat-
rogenic causes of enteral perforation.

A distended and painful abdomen with or with-
out respiratory problems are clinical signs of perfo-
ration.

Perforation is most reliably demonstrated on
abdominal plain films if taken in two directions.
A supine film (Fig. 5.11) will demonstrate an abnor-
mal lucency in the upper abdomen with gas outlin-
ing the right lobe of the liver, both sides of the wall of
the stomach and bowelloops. The falciform ligament
may be visible in the upper abdomen. In the new-
born, a left-side down decubitus film will demon-
strate free air between the liver and peritoneal wall,
which is almost certainly impossible to confuse with
intraluminal air. In case of an unstable neonate, a
cross-table lateral view is preferred, but it can mask
free air behind intraluminal air, unless the so-called
‘triangle’ sign (Fig. 5.12) is present.

5.4.2
Necrotizing Enterocolitis

Foramore in depth discussion of necrotizing entero-
colitis please refer to Chapter 1.

5.4.3
Functional Intestinal Obstruction of the
Premature Newborn

Functional intestinal obstruction of the premature
newborn is also called “meconium ileus-like syn-
drome” because, as in the case of meconium ileus,
an obstruction exists at the distal ileum and caecum
but meconium has passed. The obstruction is caused
not by meconium but by stools.

As in meconium ileus, there is a motility distur-
bance of the bowel. However, it can also be related to
absorption problems if inadequate feeding formula
is used (so-called milk curd syndrome) (DEvos and
MERADJI 2003). Clinical symptoms are similar to
meconium plug syndrome or meconium ileus and
are those of obstruction, such as progressive vom-
iting, progressive abdominal distension and failure
to pass stools. Sometimes a mass can be felt in the
(right) side of the abdomen.

Plain film shows most frequently a dilated small
bowel with only a few or even no fluid levels and an
absence of air in the rectum. Because of air-trapping
in stools, a mottled appearance can be seen in the
right side of the abdomen (Fig. 5.13a,b). US will show
dilated small bowel loops (ileum) fully filled with
huge hypoechogenic masses (Fig. 5.13¢c). A contrast
enema with nonionic media shows fecal impaction
in upper colonic segment or higher ileum. This pro-
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Fig. 5.12. a Pneumoperitoneum with a “triangle sign” on the
cross-table lateral film. b Left lateral decubitus image (pre-
sented as if an AP view). Free air is located in the ‘highest
point’: between abdominal wall and liver

Fig. 5.13. a A premature infant with intestinal dysfunction, so-called meconium ileus-like syndrome. The supine abdominal
film shows dilated intestinal loops because of fecal impaction in ileum. b Cross-table radiograph. Meconium-like ileus with
dilated intestinal loops without fluid levels. The whole colonic tract and rectum are airless. ¢ Ultrasound of the right lower
quadrant of abdomen demonstrates the impacted and inspissated stool in the ileum
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cedure may have a therapeutic effect (CARTY et al.
2005; PARKER 2003; DEVos and MERADJI 2003).

5.5
Congenital Diseases in the Infant

Congenital diseases are encountered less often in
infants but can manifest after the neonatal period.
5.5.1

Volvulus

Clinical manifestations and diagnostic procedures

remain the same as in newborns.

5.5.2
Meckel Diverticulum

A Meckel diverticulum results from an incomplete
obliteration of the vitelline duct and is situated near
the ileocaecal valve on the antimesenteric border of

theileum. Itis usually about 2 cmlong, located about
2 cm from the ileocecal valve. It is the most common
form of congenital abnormality of the small intes-
tine, occurring in about 2% of all infants, but mostly
causes no clinical complaints. It contains all layers
of the intestinal wall but the mucosa is (ectopic)
gastric in origin in about 15%-20% of cases (CARTY
et al. 2005; PARKER 2003; BERROCAL et al. 1999).

In half of the patients with complaints clinical
signs manifest in the first 2 years of life. Ulceration
occurs only in those that contain ectopic gastric
mucosa and thus is rare, but can cause occult fecal
blood or frank blood in stool and anemia. Adhesions
and formation of scar tissue can lead to obstructive
ileus. The diverticulum can act as a lead point for
ileocolic or ileoileal intussusception.

The visualization of a Meckel diverticulum is
often unsuccessful. Plain films show only the com-
plications caused by a Meckel diverticulum.

Plain film is indicated if obstruction or perfora-
tion is suspected. Meckel diverticulum is inciden-
tally found by US (Fig. 5.14a), which may show cystic
diverticula, and by enteroclysis. Small bowel or colon
enemas can show the rather bigger diverticula. Scin-
tigraphy may identify a Meckel diverticulum if it has
gastric mucosa as a hot spot (Fig. 5.14b).

Fig. 5.14. a Meckel
diverticulum as a lead
point for an ileo-ileo-
colic intussusception.
Note the surrounding of
diverticulum by intra-
luminal intestinal fluid.
b Radioisotope uptake
in gastric mucosa in a
Meckel diverticulum
(arrow)
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5.5.3
Duplication Cysts

A duplication cyst, the result of multiple twinning,
persistent embryologic diverticula or aberrant lumi-
nal recanalisation, is a spherical or tubular structure
that contains mucosa of the intestinal type and is sur-
rounded by a layer of smooth muscle. They all have
the same anatomic structure as normal bowel wall
and are mostly (35%) located in the distal ileum on its
mesenteric side, decreasing in frequency as one goes
proximally. Sometimes there is a connection with
adjoining bowel, but this exists in only a minority of
cases. If they do communicate, its recognition as a
tubular structure with intestinal content is more dif-
ficult. The non-communicating duplication cysts are
cystic because of the mucosal secretions. The increas-
ing number of prenatal and postnatal US examina-

tions means that the non-communicating duplica-
tion cysts are recognized more often (BERROCAL et
al. 1999). The clinical manifestation and diagnostic
procedures depend on the localization and type
of duplication cyst. These cysts are asymptomatic;
however, they can manifest later in life because of
complications. A duplication cyst can contain ectopic
gastric mucosa in which bleeding can occur. Clini-
cal symptoms are bleeding (melena and hematemesis
can cause serious anemia) and intermittent abdomi-
nal pain, vomiting and sometimes a palpable mass.
Obstruction, volvulus and intussusception are well
known complications.

Plain film, US, contrast examination, scintigra-
phy and even CT and MRI can be useful to diagnose
a duplication cyst. Plain film may show obstruction.
US may show the non-communicating anechoic
cystic duplication cysts with the clearly visible,

c(D

Fig.5.15. a A non-communicating duplication cyst of duodenum. Note the echogenic mucosal layer and hypoechoic
muscular layer and the inhomogeneous content of the cyst. b Colonic duplication. US demonstrates mucosal echogenic
“stripe”(arrows). ¢ (I) & (II) CT of colon duplication

c (II)
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characteristic bowel wall in which the mucosa is
echogenic and the muscularis hypoechogenic. The
muscularis is typically shared with adjacent bowel
wall but the mucosal layer is separated (Fig. 5.15a).
They can be multi-locular and can contain echo-
genic debris because of bleeding or mucosal secre-
tions. The contrast follow-through exam shows
impression on the bowel wall and displacement of
the bowel loops. In the case of communicating cysts
the abnormal configuration of the bowel can be
seen. CT and MRI show a cyst with an enhancing
wall after contrast administration (Fig. 5.15b).

5.5.4
Intraperitoneal Cysts

There are three types of lymphangiomas: the simple
capillary, cavernous and cystic types. At least half
have a haemangiomatous component. Most abdomi-
nallymphangiomas arelocated in the mesentery and
omentum, and are called mesenteric and omental
cysts, respectively. They are caused by sequestration
or obstruction of lymphatic vessels, are mono- or
multilocular and can calcify in case of necrosis. The
wall of mesenterial and omental cyst is unilayered,
which is in contrast to the multilayered aspect of the
wall of the duplication cyst. Most cysts are asymp-
tomatic, but because of bleeding or infection they
can cause fever and pain and can necrotize after
torsion. Adherent cysts to the bowel can cause par-
tial obstruction. Some cause a painless abdominal
distension and palpable mass (CARTY et al. 2005;
PARKER 2003; DEvos and MERADJI 2003).

On plain film the cyst can be suspected by dis-
placement of bowel loops and calcifications or by the
signs of obstruction.

An upper GI tract examination may show dis-
placement of bowel loops but is usually unremark-
able.

On US these mostly multilocular cysts have fine
septations and can be anechoic or, after bleeding or
infection, filled with echogenic debris (Fig. 5.16)

CT and MRI are rarely indicated but show wall
and septae enhancement after contrast injection.

5.6
Acquired Diseases in the Infant

5.6.1
Enteritis

Worldwide viruses, bacteria and parasites cause
enteritis. Viral acute gastroenteritis and enteroco-
litis are most frequent in the first 2 years of life.
Imaging is mostly not required but plain films are
sometimes useful to differentiate enteritis from
other more serious diseases such as obstruction,
intussusception, perforated appendix with perito-
nitis, neuroblastoma and Hirschsprung disease.
Plain films in two directions may show moder-
ate dilatation of small bowel and colon. Both may
contain air-fluid levels, and particularly in the colon
air-fluid levels suggest disturbed resorptive activity.
Either there is too much intraluminal fluid (diar-

Fig.5.16. a A huge mesenterial cyst located intraperitoneally and sharply encapsulated. b An omental cyst in the upper
abdomen which is unlayered. Note wall: no mucosa pattern
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rhea) or there is decreased peristaltic activity with
resulting decreasing resorptive power. In case of
persistent vomiting a relatively gasless abdomen can
be seen. US, performed to exclude intussusception
for example, may show fluid in the small intestine
and even colon, hyperperistalsis, large mesenteric
lymph nodes and sometimes bowel wall thickening
(PARKER 2003; DEVOs and MERADJI 2003).

5.6.2
Intussusception

For a more in depth discussion of intussusception
please refer to Chapter 1.

5.7
Diseases in Older Children

5.71
Small Bowel Intussusception

Intussusceptions are a pediatric GI emergency, most
being ileocolic. Small bowel intussusceptions are
less frequently diagnosed, but if searched for care-
fully, are relatively frequently encountered. Mostly
these small bowel intussusceptions are also idio-
pathic and transient and of no clinical importance.
Pathologic entities that might predispose a child to
small bowel intussusception that can be clinically
significant are infection, malabsorption syndromes,
gastroenteritis with increased peristaltic activity of
small bowel, lymphoma, cystic fibrosis, intramural
hematomata (Henoch-Schonlein, posttraumatic),
polyps, Meckel diverticulum, duplication, foreign
body and adhesions.

Small bowel intussusceptions can be found inci-
dentally when searching for other pathology, in
which case patients will have no complaints.

Otherwise patients can present with transient
cramping abdominal pain or with persistent abdom-
inal pain, or even with symptoms of obstruction.

On sonography (Fig. 5.17) an intraluminal mass
with a layered appearance may be seen. It can be
seen to intussuscept and de-intussuscept, can have
the ‘pseudo-kidney’ or ‘donut’ appearance and
occasionally the lead point can be determined.
CT (Fig.5.19¢) findings correlate with the find-
ings described for sonography. A layered or target

Fig. 5.17. a Transient small bowel intussusception. The intra-
luminal mass with layered appearance is the small bowel.
b Small bowel (jejunal) intussusception caused by a bezoar

appearance of the mass, fat within the mass, par-
ticularly if in continuity with mesenteric fat and
mesenteric vessels entering the mass, are features
suggestive of intussusception. Both on sonography
and CT a crescent of gas or fluid may separate the
mass (the intussusceptum) from the adjacent small
bowel (the intussuscipiens).

Idiopathic, transient small bowel intussuscep-
tions need no treatment. The transient nature of
the small bowel intussusception will be confirmed
by reinvestigation of the small bowel, preferably by
sonography, after a few minutes or hours. The intus-
susception will in most cases have then disappeared
(PARKER 2003; STROUSE et al. 2003).
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5.7.2
lleus

Acquiredileus, encountered in older children or even
infants, can be paralytic (adynamic) or obstructive
(mechanical).

Paralytic ileus, due to intrinsic abnormalities of
the bowel wall, can be caused for example by drugs,
after laparotomy, sepsis or peritonitis. Obstruc-
tive ileus is most often due to extrinsic causes, for
example adhesions (in 70% of cases), incarcerated
hernia, small bowel wall hematoma posttraumatic,
neoplasms, Crohn disease and intussusception
(PARKER 2003; DEvos and MERADJI 2003). Clini-
cally the child has a distended and tender abdomen
with failure to pass stools or no defecation and pos-
sibly (bilious) vomiting.

Imaging canindicate location, degree, and cause of
obstruction and assess for the presence of ischemia.

Plain films remain the first line of imaging. CT
is used increasingly because it provides essential
diagnostic information not apparent on plain radio-
graphs.

In paralytic ileus supine radiographs of the abdo-
men will show both dilated small bowel loops and
colon, whereas in obstructive ileus usually only the
loops proximal to the obstruction are dilated and
those distal have a reduced caliber. The closer to
the obstruction, the more the loops are dilated. Air-

fluid levels on horizontal beam films can be seen in
both types of ileus, but in case of obstructive ileus
air-fluid levels are concentrated in the dilated loops
(Figs. 5.18 and 5.19).

In the acute setting and with clinical symptoms
such as (bilious) vomiting and the inability to drink
contrast, studies such as a GI tract series and/or
enteroclysis are usually not indicated.

Sonography may show dilated fluid-filled bowel
loops. The obstructing cause can occasionally be
visualized if it is a tumor or hernia. Absence of peri-
staltic movements, bowel wall thickening without
perfusion on color Doppler imaging and dilated
small bowel containing fluid can all indicate infarc-
tion in the appropriate clinical setting.

CT can be used to distinguish between paralytic
(Fig. 5.19) and obstructive ileus or to localize the
obstruction but should not be used routinely and
care needs to be taken to minimize total radia-
tion dose. Other advantages include the fact that
no oral contrast material is needed as the retained
intraluminal fluid serves as a natural (negative)
contrast agent. It is a rapid, non-invasive, readily
available technique with which also extralumi-
nal pathology can be visualized. CT images of an
obstructive ileus will identify dilated bowel loops
proximally with normal caliber or collapsed loops
distally. Sometimes the transition zone, which may
resemble a beak, can be identified. This CT sign,

Fig. 5.18a,b. Mechanical intestinal obstruction after complicated and per-
forated appendectomy in a girl. Note the dilated intestinal loops (a) and
multiple fluid levels on lateral film (b)
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Fig. 5.19. a,b Paralytic ileus. Note the extremely dilated small bowel loops and also the colonic loops containing gas and
fluid levels. ¢ CT image shows multiple dilated loops of almost equal caliber: indicative of paralytic ileus. Arrow indicates
small bowel intussusception

among others, is well described by NicorLaou et
al. (2005). They also describe the so-called ‘string-
of-pearl’ sign and small-bowel-faeces sign. The
string-of-pearl sign is caused by slow resorption
of intraluminal air leaving small bubbles trapped
between the folds of the valvulae conniventes.
The small-bowel-faeces sign results from stasis
and mixing of small bowel content. Signs associ-
ated with ischemia include thickened bowel wall,
ascites, the ‘target’ sign which refers to the trilami-
nar appearance of the bowel wall after IV contrast
injection, poor or absent contrast enhancement
of the bowel wall after IV injection, pneumatosis
intestinalis and gas in mesenteric or portal veins,
the ‘whirl-pool’ sign caused by twisting of the mes-
enteric vasculature around itself caused by a vol-
vulus, tortuous engorged mesenteric vessels, mes-
enteric hemorrhage, and increased attenuation of
bowel wall on non-contrast scans (NICOLAOU et al.
2005; BOUDIAF et al. 2001).

5.7.3
Tumors

Tumors of the small intestine are rare in children
and with the exception of the pre-malignant pol-
yposis syndromes, such as Gardner syndrome and
Peutz-Jeghers syndrome, a malignant lesion of the
small bowel in children is extremely rare.

Benign small bowel neoplasms are often associ-
ated with multi-organ syndromes such as Osler-
Weber-Rendu (telangiectatic arteriovenous fistu-

lae), Klippel-Trenaunay-Weber (solitary or multiple
haemangiomas) or neurofibromas.

Benign mesenchymal lesions such as lipomas,
fibromas and leiomyomas may also occur.

Any of these tend to present with symptoms of
abdominal pain or obstruction, sometimes due to
intussusception (CARTY et al. 2005; PARKER 2003).

Plain film is usually unremarkable. Diagnosis
may be made with contrast studies. These may reveal
polypoid filling defects or a classic intussusceptum.

US distinguishes solid from cystic lesions, and
may reveal the polyps as intraluminal, floating
lesions that are hyperechogenic, due to the mucosal
secretions, and may be nodular or tubular struc-
tures. The so-called ‘target’ configuration on US is
caused by the echogenic center that represents the
polyp and the surrounding hypoechogenic region,
which is the fluid collection in the dilated loops
(Fig. 5.20).

CT and MRI can also reveal polyps, but the small
bowel should then be filled with enough intralumi-
nal contrast material that surrounds the polyps.

Malignant tumors of the small bowel in children,
other than non-Hodgkin lymphoma, usually the B-
cell Burkitt lymphoma, are exceedingly rare. Burkitt
lymphoma can develop at any age, but is most
common in children under the age of 8 years and
then predominantly in males. It is a very fast grow-
ing non-Hodgkin lymphoma that originates from
B-lymphocytes with a predilection for abdominal
organs, particularly the distal ileum. Large numbers
of lymphoma cells may accumulate in mesenterial
lymph nodes. Over the age of 4 years it is the most
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Fig. 5.20a,b. A child with intussusception. The echogenic mass, characteristic for a polyp, is visible as a lead point

Fig. 5.21. a Burkitt lymphoma. Note the hypoechoic mass located in the ileum wall. b Burkitt lymphoma of the small bowel
wall with visualization of air (hyperechogenic band) containing small bowel loop. ¢,d Burkitt lymphoma as a hypodense,
contrast enhancing mass in the ileum. Dilated neighboring loops
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common lead point in children with ileocolic intus-
susception. Burkitt lymphoma metastasizes often
to bone marrow, blood and central nervous system
(PARKER 2003; HusBAND and REZNEK 2004).

Patient complaints include loss of appetite, vom-
iting, abdominal pain, obstipation, GI bleeding or a
palpable mass in the right lower quadrant.

Plain films may be normal or show signs of
obstruction. This may include so-called aneurysmal
dilatation, better appreciated on contrast studies as
polypoid enlargement/thickening of the mucosal
folds. Sometimes a mass in the right lower quadrant
can be detected.

Ultrasound may show a hypoechoic or anechoic
mass, localized eccentrically in the ileum of which
the lumen is frequently dilated (Fig. 5.21a). Enlarged
mesenterial lymph nodes and sometimes ascites
may be seen.

CT and MRI may show infiltration of the bowel
wall, dilatation of the lumen, sometimes ascites and
enlarged mesenteric lymph nodes (Fig. 5.21b).

Unusual tumors in childhood also include the
malignant counterparts of lipomas, fibromas, neu-
rofibromas and leiomyomas (PARKER 2003).

5.7.4
Protein-Losing Enteropathies

Many etiologies for protein-losing enteropathies
(celiac disease, intestinal lymphangiectasis, aller-
gic gastroenteritis, cow milk protein allergy, Crohn
disease, cystic fibrosis, collagen vascular disease,
short bowel, intestinal transplants and others) have
been identified.

Celiac disease is the commonest cause of intesti-
nal malabsorption in childhood. The etiology is an
intolerance to the gliadin component of gluten. Most
patients present early in childhood with failure to
thrive, abdominal distension, diarrhea and stools
that may be steatorrheic. Adolescents have delayed
puberty, anorexia and clinical findings due to
hypocalcemia and hypoproteinemia. It is distinctly
unusual in people of Asian and African descent.

Diagnosis is made by clinical findings and jejunal
biopsy that shows subtotal villous atrophy.

Imaging is done before diagnosis is made or to
exclude other causes.

Plain film may be normal or show small bowel
dilatation.

On US, hyperperistalsis, fluid-filled dilated
small bowel loops, thickened bowel wall, enlarged

Fig. 5.22. Ultrasound in a patient with celiac disease. Fluid
filled, dilated small bowel with a thickened wall is demon-
strated

mesenteric lymph nodes and ascites can be seen
(Fig. 5.22).

The upper GI tract examination may show dilated
small bowel, thickened mucosal folds and rarely
flocculation, as well as segmentation of the barium
(PARKER 2003).

Small intestinal lymphangiectasia is a primary
or secondary protein-losing enteropathy. As a sec-
ondary disorder it is acquired as a result of surgical
damage to the lymphatic vessels, chronic right-sided
heart failure, ascites, constrictive pericarditis, ret-
roperitoneal tumor, tuberculosis or inflammatory
bowel disease. Primary intestinal lymphangiectasia
is a rare congenital protein-losing enteropathy char-
acterized by hypoplastic lymphatic vessels within
the intestinal mucosa, submucosa and small bowel
mesentery. Lymphatic flow is obstructed and small
intestinal lymphatic channels will dilatate, causing
the small bowel wall to appear thickened. Rupture of
these dilated lymphatics into the small bowel lumen
and occasionally into the peritoneal cavity results in
hypoproteinemia, steatorrhea, lymphopenia, ascites
and even pleural effusions.

Findings on plain film and contrast (barium)
studies are similar to celiac disease.

On US, hyperperistalsis, fluid-filled dilated small
bowel loops, thickened bowel wall, hyperechogenic,
edematous mesentery and ascites can be seen.

Abdominal CT images may show diffuse small
intestinal wall thickening and dilatation, mesenteric
edema, ascites and possibly relatively low density
confluent mesenteric soft tissue masses that repre-
sent lymphangiomas (PARKER 2003).
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5.7.5
Inflammatory Disease (M. Crohn)

In Crohn disease the underlying etiology is a seg-
mental transmural granulomatous inflammation
that can be seen to extend from mouth to anus. It
is the most common chronic inflammatory condi-
tion of the small bowel in children. While a total
of 25% of cases present during childhood, it is rare
before the age of 5-8 years. Most affected are firstly
the terminal ileum and secondly the colon. It is
limited to the colon in 15% of cases. The inflamma-
tion can be localized in one or more segments. In
the case of multiple segments, normal intestine lies
interdispersed between inflamed intestine. Edema
and fibrotic thickening of the affected wall and
spasms cause a narrowing of the intestinal lumen
and resulting pre-stenotic dilatation. In cases of
inflammatory bowel disease patients present not
only with diarrhea, abdominal pain, anorexia, a
palpable abdominal mass and, if of long-stand-
ing, anorectal fistulas, but also with a failure to
thrive, delayed puberty, fever, aphthous stomati-
tis, arthralgia, arthritis, sacroiliitis and erythema
nodosum.

Plain film may be normal. Adynamic ileus,
bowel wall thickening and occasionally focally
abnormal dilated loops with thickened bowel
wall can be seen in the case of acute exacerbation.
Imaging the small bowel has always been difficult
due to the long and winding shape of the lumen,
overlapping segments and motility patterns. Small
bowel lesions will be looked for with a barium con-
trast follow-through exam or enteroclysis. Gran-
ularity, reflecting mucosal edema, mucosal fold
thickening and effacement of the mucosal pattern,
cobblestone pattern because of linear and trans-
verse ulceration, pseudopolyps, narrowed bowel
loops and pre-stenotic dilatation, separation and
retraction of bowel loops because of the inflamed,
thickened and fibrotic mesentery, as well as
enteroenteric and enterocolic fistulas can be seen
(Fig. 5.23a,b) (PARKER 2003).

US is useful as a screening tool and in the follow-
up to evaluate the therapeutic result, as well as com-
plications such as abscesses.

US is able to show thickened bowel walls, sepa-
ration of bowel loops because of thickened and
edematous, hyperechogenic mesentery and absence
of peristaltic movements. Color Doppler is useful to
detect a higher flow velocity in the superior mesen-
teric artery and to identify areas of active inflam-

mation in which an increased Doppler signal will
be found in and around the thickened bowel wall
(Fig. 5.230).

CT is only used to evaluate complications, when
US is inconclusive or percutaneous drainage is
required (PARKER 2003; DEvos and MERDJI 2003).

Recent developments in MR techniques allow
much faster and higher quality image acquisition.
FROKJAER et al. (2005) showed that high quality MR
images can reliably identify stenosis, cobblestone
pattern, fissures, wall thickening, wall enhance-
ment upon intravenous gadolinium and exoenteric
changes such as mesenterial inflammation, fibro-
fatty proliferation, lymphadenopathy, hypervascu-
larity, abscesses and fistulas. Luminal distension,
achieved by oral or via the duodenal tube admin-
istration, is a necessity since collapsed bowel loops
can conceal even large lesions, or the exact grade
of obstruction can be underestimated. Certainly in
cases where repeat evaluation during treatment is
necessary, and when US is inconclusive, MR should
gain acceptance.

5.7.6
Superior Mesenteric Artery Syndrome

Superior mesenteric artery (SMA) syndrome is an
uncommon but well recognized clinical entity char-
acterized by compression of the third, or transverse,
portion of the duodenum against the aorta by the
SMA, resulting in chronic, intermittent or acute
complete or partial duodenal obstruction. Clinical
symptoms are chronic upper abdominal symptoms
such as epigastric pain, nausea, vomiting (bilious
or partially digested food), postprandial discom-
fort and sometimes subacute small bowel obstruc-
tion. The stomach can be massively dilated and
perforation has been described (CARTY et al. 2005;
PARKER 2003).

An asthenic habitus is noted in about 80% of
cases. Other possible etiologic factors are exagger-
ated lumbar lordosis, depletion of the mesenteric
fat caused by rapid severe weight loss, anorexia
nervosa, spinal disease or deformity, anatomic
anomalies such as abnormally high and fixed posi-
tion of the ligament of Treitz with an upward dis-
placement of the duodenum and unusually low
origin of the SMA and the familial SMA syndrome.
An acute form of SMA syndrome is described fol-
lowing scoliosis treatment in which presumably the
abrupt straightening of the spine changes the angle
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Fig.5.23. a Enteroclysis in a boy with Crohn disease. The
terminal ileum is affected and narrowed with prestenotic
dilatation. There is an effacement of the mucosal pattern
and septation of loops. Infiltration of the mesenteric fat
causes isolation of the terminal ileum. b Crohn disease.
CT demonstrates thickened small bowel up to distended
cecum. c-e Child with Crohn disease. The US images show
an irregular bowel wall thickening and a hyperechoic thick-
ened mesentery

at which the SMA branches from the aorta causing
duodenal compression.

Plain film may show gastric dilatation; however,
the stomach may be decompressed by vomiting.

An upper GI tract exam with barium shows a
high-grade partial obstruction of the third portion
of the duodenum (ORrTIZ et al. 1990).

5.7.7
Cystic Fibrosis

Cystic fibrosis (CF) with an incidence of 1 in 2500
white live births, is the most common lethal, autoso-
mal recessive disorder in white children (CHAUDRY
et al. 2006; LARDENOYE et al. 2004; AGRONS et al.
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1996) . This disorder is caused by mutations in the
CF transmembrane regulator (CFTR) gene, which is
located on the long arm of chromosome 7. Multiple
different mutations of this gene exist.

The gastrointestinal manifestations are seen
throughout childhood, from infancy to adolescence.
They result from abnormally viscous luminal secre-
tions within hollow viscera and the ducts of solid
organs.

Bowel obstruction may be present at birth due
to meconium ileus. Older children might pres-
ent with distal intestinal obstruction syndrome
(DIOS), colonic stricture(s) and, less commonly,
intussusception, fecal impaction of the appendix,
gastroesophageal reflux or recurrent rectal pro-
lapse (Fig. 5.24).

5.7.71
Meconium lleus

Between 10% and 15% of newborns with CF are
affected by meconium ileus resulting from inspis-
sated intraluminal meconium at the narrowest
portion of the GI tract, the terminal ileum (CARTY
et al. 2005; PARKER 2003; GRIER 1999; DEVOS and
MERADJI 2003; BERROCAL et al. 1999; CHAUDRY et
al. 2006; AGRrONS et al. 1996).

Patients present with failure to pass meconium
and a distended, painful abdomen.

Plain abdominal films will demonstrate a dis-
tended abdomen due to distal small bowel obstruc-

Fig. 5.24. CT image depicts the virtual disappearance of the
pancreas in a patient with CF

tion with many markedly dilated proximal small
bowel loops and a bubbly appearance of the bowel in
the right lower quadrant caused by mixing gas with
viscous impacted meconium in the terminal ileum
(Fig. 5.25).

On sonography this impacted meconium will be
located in the ileum.

Contrast enema will demonstrate a microco-
lon with visualization of the meconium pellets in
the terminal ileum. The microcolon results from
the failure of the meconium to pass into the colon,
which would thereby allow the colon to assume its
normal caliber (Fig. 5.26). In about 50% of cases the
enema will be curative.

Complications of meconium ileus are volvulus,
perforation, small bowel atresia and meconium
peritonitis with abdominal calcifications.

5.7.7.2
Distal Intestinal Obstruction Syndrome (DIOS)

DIOS will develop in approximately 15% of patients
with CF (CARTY et al. 2005; PARKER 2003; GRIER
1999; DeEvos and MERADjI 2003; BERROCAL et al.
1999; CHAUDRY et al. 2006; AGRONS et al. 1996).

Clinical symptoms are related to those caused by
a varying severity of bowel obstruction with recur-
rent abdominal pain and a palpable right lower
quadrant mass.

Plain radiographs will show a proximal small
bowel obstruction with faecal impaction in the
terminal ileum and caecum (Fig. 5.27). The term
‘meconium ileus equivalent’ should be discarded.

A contrast enema with a water-soluble (diluted
gastrographin) 1:3 contrast medium will show fecal
impaction in the terminal ileum and proximal colon.
This procedure may also have a therapeutic effect
(Devos and MERADJI 2003).

5.7.7.3
Intussusception

A tenacious intestinal residue, enlarged lymphoid
follicles or a distended appendix may serve as a lead
point for an intussusception. It is seen in only 1%
of CF patients. The intussusception is usually ileo-
colic.

For clinical symptoms, radiographic imag-
ing methods and (radiological) treatment, refer to
Chapter 1.
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5.7.8
Abdominal Tuberculosis

Abdominal tuberculosis (TB) is rare in childhood
and usually a diagnostic challenge, particularly
in the absence of active pulmonary infection, and
because clinical manifestations and results of lab-
oratory studies are nonspecific. Intestinal TB can
involve any segment of the gastrointestinal tract,
but has a predilection for the ileocecal valve and
the adjacent ileum and cecum (PARKER 2003; ENGIN
and BALK 2005).

Clinical features suggestive of TB are a history of
fever, abdominal pain and weight loss.

Abdominal plain films may show no abnormali-
ties or show a few or multiple air-fluid levels in the
small bowel loops due to the enteritis component.

Fig. 5.25. a Meconium ileus in a 3-day-old neonate.
The small bowel is dilated and has a bubbly irregu-
larity in the right lower quadrant. b On the lateral
film of the abdomen no colonic loops are visible.
There are no gas-fluid levels. ¢ Contrast enema
shows “microcolon” as a result of meconium ileus.
Meconium pellets demonstrated in the terminal
ileum (arrows)

Upper GI examination reveals thickened folds,
spasticity, irregular contours, and ulcers involving
the cecum and terminal ileum. In the case of fibrosis,
single or multiple short strictures that can be local-
ized in a single segment or be present throughout
the bowel will be found. Incidentally fistulae forma-
tion can be recognized radiographically.

Sonographic evaluation may show thickening of
the wall of the cecum and terminal ileum, an inflam-
matory mass, dilated small bowel loops, an increase
of mesenteric thickness and echogenicity (due to
fat deposition), mesenteric lymphadenopathy and
ascites. The lymph nodes are heterogeneous and can
contain calcifications. Calcifications are virtually
pathognomonic for TB (JAIN et al. 1995).

Imaging with CT will show the same findings as
with US, but is the preferred examination for obese
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Fig. 5.26. Contrast enema with water-soluble medium which
demonstrates a meconium ileus with impaction of meco-
nium in the ileum and an unused colon

children, children in which US is difficult because of
heavy pain when touching the abdomen, or if biopsy
is needed (Fig. 5.28).

MRI of abdominal TB lymphadenopathy shows a
variety of signal intensities and patterns of contrast
enhancement and is described by DE BACKER et al.
(2005). Mostly the signal intensities, in relation to
abdominal wall muscle, are hyperintense on T2-WI
with, in some cases, a hypointense peripheral rim
and internal heterogeneity and hypo-/iso-intensity
on T1-WI, also occasionally with a peripheral rim,
but then hyperintense or internal heterogeneity.
Contrast-enhanced fat-suppressed T1-WI demon-
strate predominantly peripheral enhancement.

Crohn disease and peri-appendiceal abscesses
should be considered as differential diagnoses, as
well as, although less frequently in the case of chil-
dren, carcinoma and lymphoma.

5.7.9
Henoch-Schonlein Purpura

Henoch-Schonlein is a type of hypersensitivity vas-
culitis and inflammatory response within the blood

Fig.5.27. A boy with cystic fibrosis complicated with
distal intestinal obstruction syndrome. Note the dilated
intestinal loops and huge fecal impaction in the terminal
ileum and caecum

vessel. It is caused by an abnormal response of the
immune system. The syndrome is usually seen in
children and is more common in boys (PARKER
2003).

Clinical symptoms are purple spots on the skin,
joint pain, gastrointestinal symptoms and glomer-
ulonephritis. Gastrointestinal symptoms include
abdominal pain, nausea, vomiting, diarrhea and
bloody stools. Bleeding into the bowel wall occurs
in about half of patients and may act as a lead point
for intussusception.

Routine abdominal radiographs (Fig.5.29a)
give no significant information and are not recom-
mended, unless perforation is clinically suspected.

Ultrasound is the imaging modality of choice
and will show thickened bowel wall, ascites, ileus of
affected loops, bowel dilatation and possible entero-
enteric intussusceptions (Fig. 5.29b) (CoNNoOLLY and
O’HALPIN 1994).
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Fig. 5.28. Intestinal tuberculosis. CT scan shows the hetero-
genic, hypodense masses with peripheral ringlike calcifica-
tions following lymphadenitis and ascites

]
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Fig. 5.29. a Supine abdominal film of a child with Henoch-
Schonlein. Note the intestinal wall thickening on plain film.
b-d A patient with Henoch-Schonlein disease. The thick-
ened wall is demonstrated by ultrasound
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6.1
Appendicitis
6.1.1
Overview

Appendicitis most commonly occurs over the age
of 5years, is rare in those under 2 years, but may
occur at any age and is the most common condition
requiring emergency abdominal surgery in children
(Janik and FIror 1979). Incidence in the paediatric
age group shows wide geographical variation but
overall incidence appears to be declining. Previ-
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ous quoted incidence rates were approximately 1 in
every 250 children but a recent study now suggests
rates may be as low as 1 in 850 in children and
young adults (WiLLiams et al. 1998). The aetiol-
ogy is that of appendiceal luminal obstruction, most
commonly by lymphoid hyperplasia (60%) but also
by hard concretions (faecoliths 33%), faecal impac-
tion or appendiceal calculi (appendicolith). Rarer
causes in children include tumour, stricture, para-
sites and Crohn’s disease. Appendiceal obstruction
is followed by luminal distention, ischaemia and
bacterial invasion. Necrosis of the appendiceal wall
then develops resulting in perforation and abscess
formation.

Clinical criteria are most often used to make the
diagnosis of appendicitis and the common clinical
symptoms including cramping in the rightiliac fossa
and lower abdominal pain, vomiting, diarrhoea and
sometimes dysuria. The signs are those of fever
(56%), a leucocytosis (88%) of between 10,000 cells
per milliliter and 20,000 cells per milliliter, guard-
ing and tenderness in the right iliac fossa. However,
the classic signs and symptoms are not present in
up to 30% of patients and hence the clinical diagno-
sis is not always straightforward. Imaging plays an
increasingly important role in the diagnostic path-
way.

The main imaging technique in children with
suspected appendicitis is compression graded ultra-
sound. Much has been written and described about
the findings on the plain abdominal radiograph
(AXR) but the AXR is typically normal in the early
stages of appendicitis and can remain normal in
more than 50% of cases. Plain films are insensitive
and non-specific. Current practice is therefore either
to make a clinical decision to go to appendicectomy,
or to observe the child, or to proceed to ultrasound
for diagnostic guidance. The sensitivity of ultra-
sound has ranged from 80%-94% and the specifi-
city between 86% and 98% in various published
series (ABU-YOUSEF et al. 1987; JEFFREY et al. 1988;
PUYLAERT 1986; S1vIT et al. 1992; VIGNAULT et al.
1990). Ultrasound has several advantages as a diag-
nostic tool in the setting of appendicitis, and these
include its lower cost than other techniques, lack of
ionizing radiation and its ability to assess ovarian
pathology that can often mimic acute appendicitis
in young female patients. Furthermore, ultrasound
is useful for excluding other differential diagnoses
including intussusception. The disadvantages of
ultrasound are a higher dependency on the skills
of the operator, and its reduced sensitivity in obese

patients or in patients whose degree of abdominal
pain prevents a thorough examination.

In the last decade computed tomography (CT) has
become widely utilized in the adult population in
the diagnosis of the acute abdomen and this is now
becoming more common practice in children. The
main advantages of CT include less operator depen-
dency than sonography and a subsequent higher
diagnostic accuracy, and enhanced delineation of
disease extent in perforated appendicitis. The disad-
vantages, particularly in children, are those of lack
of intra-abdominal fat, a moderate to high radiation
burden and, depending on the age of the child, the
need for sedation or general anaesthesia.

The current suggested diagnostic approach is
therefore to consider an AXR, not to make the diag-
nosis of appendicitis, but to exclude complications
such as free intraperitoneal air, or to exclude other
confounding diagnoses such as renal colic, small
bowel obstruction or constipation. In the presence of
a normal AXR or non-specific signs, ultrasound is
then advised. If the clinical findings strongly suggest
appendicitis ultrasound should be performed as the
first investigation. Following the results of the ultra-
sound, clinical examination and laboratory tests, CT
may then be considered depending on the degree of
confidence in the diagnosis and the institution.

6.1.2
Graded Compression Sonography for
Appendicitis

Graded compression sonography for appendicitis was
first described by PuyLAERT (1986). Normal bowel is
readily compressible when light pressure is applied
with an ultrasound transducer. Processes affecting
the bowel wall such as oedema, inflammation, neo-
plasm or haemorrhage alter the compliance of the
bowel wall and render it relatively non-compressible.
The basic principle underlying graded compression
in diagnosing appendicitis is to compress away the
normal lumen of the terminal ileum and the caecum
and to allow better visualization of the non-com-
pressible inflamed or obstructed appendix. A linear
array transducer is used, typically a 6- to 8-MHz
transducer depending on the patient’s age and body
habitus, although an 8- to 15-MHz transducer may
be suitable in infants. The transducer must have suf-
ficient penetration to image the iliac vessel and psoas
muscles as visualization of these structures is nec-
essary for an adequate examination, the appendix




The Colon

195

lying anterior to these structures. It is often helpful
with co-operative children to ask the patient to point
to the site of maximal pain and tenderness. This can
be particularly helpful if the appendix is in an atypi-
cal site. Initially the right flank is scanned with light
pressure to identify the ascending colon, this being
the largest luminal structure of the gastrointestinal
tract (with little or no peristalsis), and is seen adja-
cent to the abdominal wall. The right colon is then
followed inferiorly to termination at the caecum. To
avoid inducing pain, pressure is gradually increased
over the tip of the caecum. Bowel gas and fluid within
the caecum and terminal ileum are gradually com-
pressed away, allowing visualization of the appen-
dix. The study is performed in both longitudinal and
transverse planes.

Criteria to be sought according to the recent lit-
erature include: enlarged appendix, fluid in the
appendiceal lumen, lack of compressibility of the
appendix, colour in the appendiceal wall on colour
Doppler ultrasound, inflammatory changes in the
perienteric fat in the right lower quadrant, caecal
wall thickening, right lower quadrant lymph nodes
and peritoneal fluid (KESSLER 2004).

The inability to visualise a normal appendix
has previously been considered a major weakness
of ultrasound in assessing patients with suspected
appendicitis. However, with technological advances
inequipmentand increasing operator experience the
normal appendix should be visualised in 64%-82%
of healthy patients (R1oux 1992; RETTENBACHER et
al. 2001; KESSLER et al. 2004).

6.1.2.1
Diagnostic Criteria

Sonographic criteria for acute appendicitis include
a non-compressible appendix with an outer AP
diameter of at least 6 mm (KESSLER et al. 2004),
mural thickness of 3 mm or greater, or the pres-
ence of an appendicolith in an appendix of any
size (Figs. 6.1, 6.2). The two most useful ultrasound
signs are those of an appendiceal diameter of >6 mm
(sensitivity 98%, specificity 98%, positive predictive
value (PPV) 98%, negative predictive values (NPV)
98%) and non-compressibility (sensitivity 96%, spe-
cificity 96%, PPV 96%, NPV 96% (KESSLER et al.
2004)). If the appendix measures less than 6 mm in
diameter, particularly if compressible, this should
be considered normal. The use of colour Doppler
may be helpful in showing hyperaemia associated
with appendiceal wall inflammation.

Presence of a hypo-echoic fluid collection con-
taining an appendicolith or a fluid collection adja-
cent to a gangrenous appendix is diagnostic for a
peri-appendiceal abscess (Fig. 6.3).

Appendicitis may occur at the tip of the appen-
dix and therefore the appendix must be visualized
throughout its length to exclude a distal ‘tip appen-
dicitis’. The normal appendix may be difficult to
visualize due to its small luminal diameter and easy
compressibility. However, with operator experience
it should be identified in the majority of cases. Fea-
tures of a normal appendix include: (1) the typical
normal sonographic appearance of bowel, with an

Fig. 6.1a-c. Acute appendicitis in a 12-year-old boy. a Longitudinal ultrasound image showing a swollen appendix (markers)
which measured 7 mm. Note the increased echogenicity in the wall. b Transverse image (TS) showing the concentric layers of
the inflamed appendix. ¢ TS image showing two sections of the curved appendix and it’s relationship to the iliac vessels
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Fig. 6.2. Acute appendicitis in a 14-year-old boy
showing the presence of an appendicolith with
posterior acoustic shadowing on ultrasound

Fig. 6.3. Ultrasound of a heterogenous appendix mass in a
12-year-old girl

echogenic submucosal ring, (2) terminating with a
blind tip (3), origin from the base of the caecum (4),
and lack of peristalsis as it is part of the colon.

If the clinical signs and symptoms strongly sug-
gest appendicitis, but it has not been possible to
demonstrate the appendix, a retrocaecal appendix
may be present. Various operator techniques can be
employed to improve delineation of the retrocaecal
appendix. These include manoeuvres to scan the
patient in a left posterior oblique position. Ancillary
techniques for demonstrating a ‘hidden’ appendix

include the additional use of the posterior manual
compression technique, upward graded compres-
sion technique (LEE et al. 2005), using a low fre-
quency contrast transducer, or left/lateral decubitus
change of body position.

It is reported that graded compression sonogra-
phy with additional operator dependent techniques
can yield a sensitivity of up to 99%, specificity of
99% and an accuracy of 99% for acute appendicitis
(LEE et al. 2005).

The lack of visualization of the appendix with US
has a negative predictive value of 90% in experienced
hands (KESSLER et al. 2004). The identification of an
appendix measuring less than 6 mm in diameter is a
very accurate indication to exclude appendicitis with
a negative predictive value of between 98%-100%
(KESSLER et al. 2004; R1oux 1992; RETTENBACHER
et al. 2001).

Secondary signs may help the sonographer estab-
lish the diagnosis of appendicitis. These include
prominent echogenic fat in the right lower quadrant
suggestive of an inflammatory process, the presence
of appendiceal mass, the presence of free fluid or of
a collection, or the presence of free gas seen over
the liver on ultrasound. However, the secondary
signs are not specific for acute appendicitis because
these may also be seen with other intra-abdominal
pathology.

6.1.3
The Use of CT in Diagnosing Acute Appendicitis

CT is increasingly used to diagnose acute appendi-
citis in the adult population and to a lesser extent
in the paediatric population. Ultrasound is still
advised as the first line examination in children but
CT may be considered in difficult cases. Numerous
studies have looked at the use of intravenous, oral or
rectal contrast media for CT scan for appendicitis.
Some centers prefer un-enhanced scans and may do
a focused CT scan of the lower abdomen, scanning
from the lower pole of the right kidney inferiorly
for approximately 15 cm. These scans are usually
performed without intravenous contrast, but oral
or rectal contrast is sometimes given. Other centers
perform a standard CT of the abdomen following
intravenous contrast. Suggested parameters for use
in paediatric abdominal scans for this indication,
on a typical 16-slice multidetector CT, would be
those of 1.5-mm collimation, 100-kV, and approxi-
mately 30-mAs. A recent unenhanced CT study in
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adult patients has shown no difference in sensitiv-
ity or specificity for appendicitis when using rela-
tively low dose (30 effective mAs) against standard
dose (100 effective mAs) (KEYZER et al. 2004). In
children it may be possible to lower the dose even
beyond the typical 30 mAs. A recent study looking
at focused CT in children found no difference in the
sensitivity, specificity of positive predicted value, or
negative predicted value of interpretation of images
whether they were focused below the right lower
pole or whether they include the whole abdomen
(FEFFERMAN et al. 2001). Whilst practice varies it
would seem a reasonable strategy when considering
CT for appendicitis in children to only scan from

Fig. 6.4. CT of the lower abdomen showing a swollen appen-
dix containing an appendicolith and with adjacent stranding
of the intraperitoneal fat

the level of the lower pole of the right kidney, after
intravenous contrast, and with an effective mAs of
30 or below.

Diagnostic signs on CT scan include the visual-
ization of the oedematous appendix, the presence
of an appendicolith, peri-appendiceal fat strand-
ing, increased caecal wall thickness and abscess or
phlegmon (Figs. 6.4, 6.5). Fat stranding may be dif-
ficult to visualise in children with little body fat. The
diameter of the appendix would normally be mea-
sured and should be less than 6 mm.

Some authors have looked at the presence or
absence of intraluminal air in the appendix as a
discriminating sign for appendicitis. However, it
has been shown that intraluminal air is frequently
detected in both normal and abnormal appendices
at CT and at ultrasound and is therefore a non-spe-
cific finding of little diagnostic value. (Rao et al.
1997).

6.2
Intussusception

Intussusception occurs when a length of bowel, the
‘intussusceptum’, prolapses and invaginates (or tele-
scopes) into anadjacentsegment, the ‘intussuscipiens’.
Four types of intussusception are described: ileocolic;
ileo-ileocolic; colocolic; and ileoileal. Ileocolic is the
most frequent and occurs in 90% of cases.

at

Fig. 6.5a,b. CT of the abdomen in a 12-year-old girl with a perforated appendicitis. a A large collection of fluid in the abdomen
with an appendicolith seen low in the pelvis. b Fluid extending throughout the abdomen with an associated air-fluid level
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The majority of symptomatic intussusceptions in
children arise in the ileum due to mucosal oedema
and lymphoid hyperplasia of Peyer’s patches fol-
lowing viral gastroenteritis or upper respiratory
tract infection. These so-called idiopathic intus-
susceptions occur predominantly at the ileocaecal
valve (95%). A “lead point” (5%) may be the cause
of the intussusception. Typical lead points include
a Meckel’s diverticulum, polyps, duplication cysts,
suture granulomas, appendiceal inflammation,
Henoch-Schénlein purpura, or occasionally inspis-
sated meconium. Symptomatic ileocolic and ileo-
ileocolic intussusceptions are generally idiopathic,
rather than secondary to a lead point. There is a
reported association between intussusception and
malrotation / malfixation (Waugh’s syndrome).

The peak incidence of idiopathic intussusception
is between the ages of 3 and 9 months (40%) with a
range between 3 months and 2 years (CARTY 2002).
Approximately 75% of cases are in children less than
2 years, and in children older than 2 years a cause for
a secondary lead point should be sought. Idiopathic
intussusceptions are more common in boys (male:
female = 2:1). Incidence of idiopathic intussuscep-
tion is often seasonal, being more common in the
late spring and the autumn.

The clinical diagnosis of ileocolic and ileo-ileo-
colic intussusception is not always straightforward.
The classical clinical triad of abdominal pain, red
current jelly stool and a palpable abdominal mass
is present in fewer than 50% of children with this
condition. The child will typically draw up his legs
to the abdomen during bouts of colic, which may
be associated with facial pallor and the passage of
red current jelly stools. Clinical examination of the
abdomen may be difficult in a distressed child. The
child may be shocked and peripherally shut down at
the time of presentation. However, conversely, some
children may be pain free at the time of presentation
with only a history of bloody stools to suggest the
diagnosis.

6.2.1
Imaging

Historically, the AXR has been the first investiga-
tion in children presenting with suspected intus-
susception. The most frequent plain film findings
are those of reduced large bowel gas and the pres-
ence of a mass (Fig. 6.6) (RATCLIFFE et al. 1993).
Other signs include the meniscus sign and the

Fig.6.6. AXR of a patient with intussusception.
Note the soft tissue mass of the intussusception
in the right iliac fossa and the dilated small bowel
loops of obstruction

target sign (SARGENT et al. 1994; LEE et al. 1994).
Exclusion of an ileocolic intussusception on AXR
is based on the presence of gas and stool in the
caecum (SARGENT et al. 1994). However, in 45% of
children aged less than 5 years the sigmoid colon
is in the right lower quadrant of the abdomen and
therefore sigmoid filled with air and stool can be
misinterpreted for caecum. Also, sometimes loops
of “pulled-up” small bowel will project over the
right lower quadrant as a result of the bowel short-
ening secondary to intussusception. It has been
shown that intussusception was correctly identi-
fied on AXR in only 45% of children with intussus-
ception (SARGENT et al. 1994). Hence, as the plain
abdominal radiograph is unable to categorically
confirm or refute the presence of intussusception
in the majority of cases, although it may be helpful
as part of the work-up for investigation of an acute
abdomen, an alternative investigation will still be
necessary to confirm intussusception. The investi-
gation of choice is ultrasound, and it is suggested
that in cases of suspected intussusception that the
patient should proceed directly to ultrasound with-
out an AXR.
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6.2.2
Ultrasound in Intussusception

The use of sonography was first described in the late
1980s (PrACROS et al. 1987) with a reported accuracy
of 100% for intussusception. This accuracy rate has
since been verified in many reports and the use of
ultrasound for this indication has been validated.
Ultrasound is now the first line of investigation in a
child with suspected intussusception.

6.2.2.1
Ultrasound Technique

The ultrasound is performed with the child supine
and at rest. It is recommended that initially a general
survey of the abdomen is undertaken using a curvi-
linear probe of typically 6-8 MHz. If an intussuscep-
tion is present this is most likely to be demonstrated
in the right flank, but may also be demonstrated in the
epigastrium, left flank or in the pelvis, depending on
the extent of the intussusception. This general survey
may also show the presence of other secondary signs
such as small amounts of free fluid, the presence of
lymphadenopathy both in the intussusception and
elsewhere in the abdomen or, in the absence of an
intussusception, may show an alternative underlying
cause for the abdominal pain. Itis then recommended
that the operator switches to a higher frequencylinear
probe (typically an 8- to 15-MHz probe) for further
evaluation of the intussusception. Doppler examina-
tion of the intussusceptum can also be performed.

Intussusception has a characteristic sonographic
appearance (PRACROs et al. 1987; DEL Pozo et al.
1996, 1999) making the diagnosis straightforward.
The intussusceptum typically shows as a 3- to 5-cm
diameter soft tissue concentric mass in transverse
section, and a sausage-like mass in longitudinal
section. The characteristic appearances are of the
circular wall of the intussuscipiens, and the central
echogenic mucosa of the intussusceptum, along with
the appearance on transverse scans of the eccentric,
semi-lunar, hyperechoic mesenteric fat that is pulled
with vessels and lymph nodes into the intussuscep-
tion by the intussusceptum, the so-called crescent
and doughnut sign (Fig. 6.7) (DEL Pozo et al. 1996).

As with any ultrasound study the quality and
diagnostic rate is determined by the operator. How-
ever, it has been shown that 100% accuracy rate can
be achieved by 3rd and 4th year radiology residents
who had completed a 3- to 5-month training period
in adult sonography (VERSCHELDEN et al. 1992).

Whilst the sonographic appearances of an intus-
susception are straightforward, care must still be
taken not to confuse these appearances with other
causes of bowel wall thickening such as inflamma-
tion, oedema, haematoma or any area of volvulus.
Nevertheless these other conditions will not show
the characteristic “crescent and doughnut” sign.

Ultrasound is also extremely useful for dem-
onstrating the presence or absence of pathologi-
cal lead points, and these should be looked for in
each examination. Ultrasound has been reported as
demonstrating a lead point in up to 66% of patients
when a lead point is present (NAVARRO et al. 2000)
and allowing specific pathological diagnosis in up
to one third of these patients.

With sonography now being the tool of choice for
identifying intussusception, the use of a water-sol-
uble contrast enema or barium enema to make the
diagnosis is no longer justified.

6.2.2.2
Assessment for Reducibility

Ultrasound may also be used to make some assess-
ment as to whether the intussusception is suitable
for non-surgical reduction and the likelihood of suc-
cess. Various sonographic signs have been evalu-
ated, including a thick peripheral hypoechoic rim
of the intussusception, free intraperitoneal fluid,
trapped fluid within the intussusception and the
absence of blood flow in the intussusception on
Doppler interrogation. There appears to be no rela-
tion between the reduction rate and thickness of the
external hypoechoic rim (VERSCHELDEN et al. 1992),
and free intraperitoneal fluid is commonly associ-
ated due to transudation of fluid from the congested
intussusception which is present in at least 50% of
cases. Fluid trapped within the serosal layers of the
entering and returning limbs of the intussusception
has been shown to be associated with a lower reduc-
tion rate but at least 26% of these cases can still be
reduced. Similarly the absence of flow on Doppler
interrogation reduces the rate of successful reduc-
tion but does not preclude it, reduction still being
successful in approximately 31% of cases (KoNG et
al. 1997). The absence of visualized blood flow on
Doppler interrogation is therefore not a contra-indi-
cation for attempted air enema reduction. Similarly
the identification of a pathological lead point does
not necessarily mean that an intussusception will
be irreducible (NAvARRO et al. 2000; NAVARRO and
DANEMAN 2004).
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Fig.6.7a-e. Ultrasound appearances of
intussusception. a Transverse (TS) image
showing the ‘crescent and doughnut sign’
as hyperechoic mesenteric fat is pulled into
the intussusception. b Longitudinal image
showing the ‘sausage’ appearance of the
intussusception. ¢ TS image with Doppler
showing some blood flow present within
the intussusception. d TS image showing
dilated fluid-filled loops of small bowel
which should not be mistaken for the intus-
susception which lies deep to them. Note the
absence of the echogenic layers in the small
bowel loops. eTS image showing lymph
nodes pulled into the intussusception
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6.2.3
Non-operative Reduction of Intussusception

Non-operative reduction is the treatment of choice.
Historically barium or water-soluble contrast media
have been used for the hydrostatic reduction of
intussusception. These techniques have largely been
replaced by the use of the air enema under fluoro-
scopic guidance, or ultrasound guided hydrostatic
or air reduction. The fluoroscopic guided air enema
is currently the most universal procedure but as
experience grows, ultrasound guided reduction is
also used in several centers. The basic principal is
to raise the intraluminal pressure in the distal colon
to push the intussusceptum retrogradely along the
colon, thereby reducing the intussusception, until it
is completely resolved, usually through the ileocae-
cal valve. Complete reduction is achieved when either
air or contrast media flood back into multiple loops
of terminal ileum. Whilst hydrostatic or pneumatic
reduction can be successful in ileo-ileal intussuscep-
tion, this is more commonly treated by surgery.

6.2.3.1
Technique for Fluoroscopic Air Enema

Once the presence of an intussusception has been
confirmed by ultrasound, the child is taken to the flu-

oroscopy room. Some centers administer pain relief
and/or sedation in anticipation of the procedure, but
this is by no means universal and there is some evi-
dence that the use of sedation (or the use of smooth
muscle relaxants) may prevent the patient from per-
forming the Valsalva manoeuvre which might oth-
erwise enhance the chance of reduction and possibly
reduce the chance of perforation. Children should
be well resuscitated before attempted reduction, and
should be monitored whilst the attempted reduction
isin progress. This is particularly important in chil-
dren who have received sedation as signs of clinical
deterioration may not be so apparent.

A balloon catheter is placed per rectum (10 F-
18 F). Many operators inflate the balloon on the
Foley catheter but this is not universal practice
and caution should be used when inflating a bal-
loon catheter in the rectum because of the reported
risk of mucosal ischaemia. The buttocks are sub-
sequently taped or gripped firmly to complete a
good seal at the anus. Air is then introduced into
the distal colon, with a manometer or other moni-
toring device present on the system to ensure safe
and constant pressures of air. The progress of the air
(and the reduction of the intussusceptum) is closely
observed under fluoroscopic guidance (Fig. 6.8a).
It is usual practice to include the whole abdomen
within the field of view so as not to miss a perfora-

Fig. 6.8a,b. Appearance of intussusception during reduction by air enema. a The soft tissue mass
of the intussusception can be seen in the right flank and the remainder of the large bowel is dis-
tended by air. Air has not yet flooded back into the small bowel, which would indicate successful
reduction. b Air enema in a different patient: the intussusception is shown as a soft tissue mass
but perforation of the bowel has occurred
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tion, which would necessitate the immediate termi-
nation of the procedure (Fig. 6.8b). In the case of a
tension pneumoperitoneum an 18-G needle should
immediately be positioned in the midline to relieve
the abdominal distension, thereby preventing respi-
ratory collapse. Typically the pressure is raised to
80 mm of mercury equivalent and sustained at this
level for approximately 3 min. This may then be
repeated either at the same pressure, or at 100 mm
of mercury or 120 mm of mercury until reduction
is complete. Typically three attempts of 3 min each
are made at each pressure. The whole procedure may
be performed with the infant supine or prone at the
operator’s discretion and preference. Advantages
for the supine position include being able to observe
the child more closely and for a normally orientated
radiographic view. Advantages for the prone posi-
tion include it being easier to obtain a complete seal
on the child’s buttocks if these are uppermost.

6.2.3.2
Ultrasound Guided Hydrostatic or Air Reduction

Once the diagnosis of intussusception has been
made by ultrasound a 10- to 18-F balloon catheter
is placed per rectum as above. In the case of hydro-
static reduction this is normally performed with the
child supine. The child may be placed on a plastic
enema ring approximately 50 cm in diameter, which
allows a suction device to continuously remove fluid
which has escaped per rectum during the procedure.
Fluid is then introduced per rectum, which may be
water, saline, or isotonic Hartmann’s solution and a
constant pressure of injection is maintained, typi-
cally 100 mm of mercury. During the reduction the
intussusceptum is observed under continuous ultra-
sound guidance as it proceeds to the caecum and
reduces across the ileocaecal valve (KHONG et al.
2000). One advantage of ultrasound guided hydro-
static reduction is that it may allow identification of
an ileo-ileocolic intussusception. This has a char-
acteristic complex fronded appearance, compared
with the otherwise smooth appearance of an ile-
ocolic intussusception.

6.2.3.3
Ultrasound Guided Pneumatic Reduction

Whilst this is still a relatively new technique it is
reported to have similar success rates to the fluoro-
scopic air enema technique (Yoon et al. 2001). Yoon
et al. describe their technique as follows: A balloon

catheter (10-18 F) is inserted per rectum, and 20-
25 ml of air injected to inflate the balloon. The Foley
catheter is gently pulled as low as possible. Tape
is applied to secure the catheter to the buttocks.
By means of a pressure monitoring device linked
to a T connector and with ultrasound guidance,
air is injected manually to the initial intra-colonic
pressure of approximately 60 mm of mercury and
held for 30 s and then released. Ultrasound criteria
for successful reduction after deflation of the air
includes the disappearance of the intussusceptum
with the presence of a single concentric echogenic
ring representing the swollen terminal ileum instead
of the multiple concentric rings of the intussuscep-
tion, and the abrupt transition of bowel wall thick-
ness between the swollen terminal ileum and the
proximal normal ileum when scanned along the
axis of the ileum. If the intussusception is still
visible air is reintroduced by gradually increasing
pressures up to a limit of 120 mm of mercury. Air
is typically insufflated and deflated three times at
each increment. If there is an abrupt decrease in
pressure during air insufflation, sudden abdominal
distention or clinical improvement, the air is then
deflated to allow further ultrasound assessment. To
detect free intraperitoneal air caused by bowel per-
foration, intermittent ultrasound of the epigastrium
is performed to look for a ‘ring-down’ (or ‘comet-
tail’) reverberation artefact in the subphrenic area
obscuring the inferior hepatic margin.

Overall, using one of these techniques, an
expected reduction rate of at least 70% would be
expected, with a perforation rate of approximately
1% or less. Guidelines to the performance of intus-
susception reduction are published by various
bodies (AMERICAN COLLEGE OF RADIOLOGY 1997;
see also BSPR Standards for intussusception reduc-
tion, www.bspr.org.uk/intuss.doc) and the clinician
should be aware of these pertaining to his region of
practice.

6.2.4
Delayed Repeat Enema

If the attempted intussusception reduction has
been partly successful, there is value in a delayed
repeat enema if the child is clinically stable. It has
been shown that a delayed repeated enema can be
successful in reducing the intussusception in a
further 50% of those patients in whom it is used,
and thus has a place in the management of the
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infant who remains clinically stable with no evi-
dence of peritonitis, where there has been a par-
tial reduction of the intussusception at the first
attempt (NAVARRO and DANEMAN 2004; NAVARRO
et al. 2003). The best time interval between the
two enemas remains uncertain and the number of
times a delayed enema can be reasonably repeated
is also unproven. In published series (NAVARRO et
al. 2003) the delay has varied between 15 min and
12 h (GORENSTEIN et al. 1998; NAVARRO et al. 2003).
Some centers allow a planned delay of between 45
and 60 min between three consecutive air enema
attempts (GORENSTEIN et al. 1998), but other cent-
ers wait between 4 and 6 h, to allow resolution of
oedema. In any event, repeated delayed reduc-
tion attempts increase the overall success rate and
should be advocated in a stable patient. Finally, the
use of multiple delayed reduction attempts is not
contra-indicated in the presence of a pathologi-
cal lead point as successful reduction may facili-
tate subsequent surgery for resection of the lead
point. Multiple recurrences of intussusception in
this context are not a contra-indication to repeated
reduction. A careful search for a pathological lead
point is mandatory. Surgery should be reserved for
irreducible recurrences or for a demonstrated path-
ological lead point (DANEMAN et al. 1998; NAVARRO
and DANEMAN 2004).

6.2.5
Summary

A diagnosis of intussusception is preferentially made
by ultrasound. The plain abdominal radiograph has
been shown to be of only limited value, and may
be omitted safely in the vast majority of children
suspected of having an intussusception, provided
sonography is available.

The preferred reduction technique is either that of
the air enema under fluoroscopic guidance or of air
or hydrostatic enema under ultrasound guidance.
The only absolute contra-indication to attempted
enema reduction is full thickness bowel necrosis
(which will present with features of shock and peri-
tonitis) or if there is imaging evidence of perforation
with free air.

6.3
Constipation

Constipation is a common problem in infants and
children and accounts for approximately 3% of visits
to paediatric outpatients (LOENING-BAUCKE 1993); it
is also likely that constipation is the most common
digestive complaint outnumbering all other chronic
gastrointestinal conditions (MEzwaA et al. 1993).

Constipation is defined clinically as an alteration
in the frequency, size, consistency or ease of pas-
sage of stools (SETH and HEYMAN 1994). A common
working definition for constipation in children is a
stool frequency of less than three per week, but pain-
ful bowel movements and/or stool retention can be
regarded as constipation even if the stool frequency
is three or more per week (LOENING-BAUCKE 1993;
SETH and HEYMAN 1994). Encopresis is the volun-
tary or involuntary passage of a normal bowel move-
ment into the underwear after the age of 4 years, and
faecal soiling is defined as the involuntary seepage of
faeces which is often associated with faecal impac-
tion and is reflected in the staining of the underwear
(BENNING et al. 1994; PARTIN et al. 1992).

Causes of constipation in infants and children
include functional constipation, neurogenic con-
stipation [aganglionosis, hypoganglionosis, neuro-
nal intestinal dysplasia (NID)], chronic intestinal
pseudo-obstruction, disorders of the spinal cord,
cerebral palsy, constipation secondary to anal fis-
sures and strictures, neonatal hypothyroidism and
drug induced constipation (FOTTER 1998).

6.3.1
Functional Constipation

Approximately 90%-95% of cases of childhood con-
stipation are likely to represent functional constipa-
tion. Rectal distention is present in nearly all cases
and failure of the external anal sphincter and/or pub-
orectalis muscle to relax during defaecation attempts
has been found in the majority of these children.
Whilst delayed colonic transit time may be part of
the problem, pelvic floor dysfunction seems to be the
dominating factor (LOENING-BAUCKE 1993).
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6.3.2
Neurogenic Constipation

6.3.2.1
Hirschsprung’s Disease

Hirschsprung’s disease is the most common cause
of neonatal obstruction of the colon and accounts
for 33% of all neonatal obstructions. It is charac-
terized by congenital absence or deficiency of the
ganglion cells in the myenteric and submucosal
plexuses of the rectum and the distal, non-dilated
part of the colon, together with a hyperplasia of
cholinergic nerve fibres in the circular muscle
layer, muscularis mucosae and mucosa with a high
activity of acetylcholinesterase (FOTTER 1998). This
results from failure of neural crest cells to migrate
into the wall of the colon during the fifth to seventh
week of embryological life and subsequent failure
of development of the parasympathetic ganglion
cells. The absence of the intramural ganglion cells
interferes with normal relaxation and peristalsis of
the bowel wall and the internal anal sphincter. The
abnormally innervated segment of colon becomes
hypertonic and behaves as a functional stenosis
leading to partial or complete colonic obstruction.
Immediately proximal to the aganglionic segment
the intestine becomes markedly dilated with faeces
and gas. In most cases aganglionosis is limited to
the rectum or the rectum and a short distal segment
of the sigmoid colon. This so-called short segment
disease occurs in approximately 80% of cases, with
long segment disease occurring in 15% and total
colonic aganglionosis (Zuelzer-Wilson syndrome)
accounting for approximately 2%-13%. Ultra-short
segment Hirschsprung’s disease accounts for up to
10% in some series. In ultra-short segment Hirschs-
prung’s disease the aganglionic segment is usually
confined to the internal anal sphincter or up to
3-4 cm above the pectinate line (MEIR-RUGE and
SCHARLI 1986).

Overall there is an incidence of approximately 1
in 5000 to 1 in 8000 live births. Occurrence is usu-
ally sporadic but is reported to be familial in 4%.
There is an increased incidence in children with
Down syndrome. Presentation is most common
in the full term infant during the first 6 weeks of
life (70%-80%) and is extremely rare in prema-
ture infants. In classic Hirschsprung’s disease and
in ultra-short segment disease there is a male-to-
female ratio of 3:1 and in total colonic aganglionosis
the ratio is 1.8:1.

Complications of Hirschsprung’s disease include
an enterocolitis with or without intraluminal air,
intermittent dilatation after surgical treatment
which may give a picture of pseudo-obstruction.
Following a Duhamel procedure (‘pull through’
procedure) there may be persistent narrowing at the
anastomosis site.

Hirschsprung’s disease has now been shown to
be one of several disorders in intestinal innervation
due to an abnormal number of neurones. These dis-
orders are known as dysganglionoses and include
congenital intestinal aganglionosis (Hirschsprung’s
disease), hypoganglionosis and hyperganglionosis
(Kapur 2000). Hypoganglionosis is described his-
tologically as a variable length of gut with abnor-
mal numbers of ganglion cells. It is believed to be
the primary cause of intestinal pseudo-obstruc-
tion (see Sect.6.3.3) and may represent a forme
fruste of Hirschsprung’s disease. The patient may
present with multiple loops of dilated bowel with an
obstructive picture but with no cause of mechanical
obstruction found.

Hyperganglionosis is described as having two
distinct patterns: ganglioneuromas (nodular prolif-
erations of ganglion cells often associated with mul-
tiple endocrine neoplasia type 2B and not seen in
children) and intestinal neuronal dysplasia (NID).
NID is a controversial entity but a consistently
described feature is of increased density of the sub-
mucosal ganglia. Patients may present with intes-
tinal dysmotility clinically indistinguishable from
Hirschsprung’s disease.

In view of these overlapping presentations these
disorders should be considered in the differential
diagnosis of Hirschsprung’s disease until histologi-
cal confirmation has been made.

6.3.2.2
Chronic Intestinal Pseudo-obstruction

Chronic intestinal pseudo-obstruction is a rare
clinical condition also known as chronic adynamic
ileus, pseudo-Hirschsprung’s disease, and adynamic
bowel syndrome. Megacystis-microcolon-intestinal
hypoperistalsis syndrome is the most severe form of
chronic intestinal pseudo-obstruction.

Onset of chronic intestinal pseudo-obstruction
canbe atany age but tends to be more severe with the
earlier presentation. In the neonatal period symp-
toms include failure to pass meconium, abdominal
distention or bilious vomiting. Constipation may
subsequently develop. In older children presenta-
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tion may be abrupt or slowly progressive. Urinary
tract involvement occurs in up to 50% of patients.
Histologically abnormalities are either seen in the
myenteric plexus with an associated visceral myop-
athy, or show argyophobic cells or argyrophilic
cells on silver stains. The overall result is a lack of
coordinated intestinal motility. Inheritance may be
autosomal dominant but the majority of cases are
sporadic. There is an association with malrotation.
Overall there is a high morbidity and high mortality
(HENEYKE et al. 1999).

6.3.3
Imaging in Constipation

In the newborn period the patient may present with
a delay or failure to pass meconium, distension of
the abdomen, bilious vomiting or signs of neonatal
intestinal obstruction. An AXR will show evidence
of low obstruction but will be non-specific; however,
it may allow assessment of the lower spine and in
Hirschsprung’s disease a lack of air in the distal
colon or rectum may be a sign of congenital agan-
glionosis (Fig. 6.9a).

In suspected neurogenic causes of constipation
(Hirschsprung’s disease, NID and hypogangliono-
sis) a contrast enema is often performed. It is not
advisable to prepare the bowel before this procedure
because the narrow segment may be dilated up and
therefore missed.

In the neonatal period water soluble contrast
is instilled preferentially as this may wash out the
colonic contents and relieve obstruction in cases of
neonatal small left colon syndrome or in meconium
plug syndrome. In infants or older children either
water soluble contrast medium or barium can be
used. It is not usually appropriate to inflate a bal-
loon catheter as this may obscure visualization of
a narrow segment in congenital aganglionosis. The
infant or child is usually placed in a lateral position
at the beginning of the study to allow observation of
the anorectal junction during filling, and in cases
of aganglionosis, bowel filling should be limited
to as far as the transitional zone. The transitional
zone should be sought and is identified by change in
calibre from relatively small or normal calibre/col-
lapsed lower bowel to distended stool filled proxi-
mal bowel (an ‘inverted cone’ appearance). In the
case of Hirschsprung’s disease the most common
site for the transitional zone is in the recto-sigmoid
(Fig. 6.9b,¢). It should be noted that the aganglionic

segment appears normal in size. The recto-sigmoid
ratio may be used to assess the relative size of the
rectum to the sigmoid. This should normally be
1:1 and if greater than this suggests a diagnosis of
Hirschsprung’s disease (i.e. in normality the rectum
may be larger than the sigmoid but the sigmoid
should not be larger than the rectum).

Filling with contrast should continue slowly,
leaving enough time for the bowel to adapt to the
instilled volume. The aganglionic segment may need
some time to contract to its former diameter. One
suggested technique in infants and older children is
to use barium, with secondary insufflation with air.
As air does not expand a narrow segment as much
as barium the transition zone can be demonstrated
more easily and more accurately. A 24-h delayed film
can show a complete lack of evacuation of contrast
medium especially in cases of total colonic agangli-
onosis (O’ DoNOVAN et al. 1996).

6.3.3.1
Imaging Findings in Hirschsprung’s Disease

The cardinal sign in Hirschsprung’s disease, shown
onacontrastorbariumenema,isthetransitionalzone
between the narrow and dilated bowel segment, most
often seen at the recto-sigmoid junction (Fig. 6.9b,c).
It may be represented by an abrupt change of calibre,
or may have a more conical appearance (Fig. 6.9d).
The absence of a demonstrated transitional zone
does not exclude the diagnosis of Hirschsprung’s
disease. A classic aganglionic segment may not be
visible before days 10-14 of life. A narrow segment
refers to a segment of rectum where the relation-
ship of the diameter of the rectum to the sigmoid
colon is 1:1 or less. A transitional zone with a mega
colon may be seen only after 4-6 weeks. The wall
of the colon often has a ‘saw-tooth’ appearance as a
result of non-peristaltic contractions. There may be
marked retention of barium on delayed films after
24 h, and mixing of barium and stools after 24 h is
a common finding.

The differential diagnosis in the neonatal period
is that of small left colon syndrome. In this condi-
tion the left colon is a reduced calibre, typically,
from the level of the splenic flexure distally, with
an abrupt transitional zone between the dilated
transverse colon and the narrow calibre descend-
ing colon. These findings are visible right from the
first few days of life in small left colon syndrome,
but would not typically be present in Hirschsprung’s
disease for some delayed period.
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Fig. 6.9a-d. Imaging of Hirschsprung’s disease. a AXR in total colonic Hirschsprung’s disease showing
the absence of gas in the large bowel but otherwise non-specific appearances. b Contrast enema showing
anirregular and non-dilated rectum with a transition to a markedly dilated and stool-filled sigmoid co-
lon. ¢ Contrast enema showing a transition zone at the recto-sigmoid junction. The recto-sigmoid ratio
is greater than 1. d Contrast enema in a neonate with Hirschsprung’s disease with a conical transition
zone at the splenic flexure. There is also a long meconium plug in the distal colon and the differential
diagnosis would be functional immaturity of the colon. The final diagnosis was made by biopsy

6.3.3.2

Imaging Findings in NID, Hypoganglionosis, Chronic
Intestinal Pseudo-obstruction, Ultra Short Segment
Hirschsprung’s Disease and Total Colonic
Aganglionosis

The appearances at contrast or barium enema in
these remaining conditions are often non-specific.

In ultra-short segment Hirschsprung’s disease the
barium enema may show a large mega-rectum but
no other specific findings. In NID, chronic intestinal
pseudo-obstruction and total colonic aganglionosis
the barium enema is often non-contributory. However,
total colonic aganglionosis may sometimes have the
appearance of a microcolon and therefore needs to be
differentiated form ileal atresia and meconium ileus.
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In all these conditions the final diagnosis is usu-
ally made by histology, most commonly following
suction biopsy via the rectum. This technique is fast
and simple and can be carried out in neonates with-
out a general anaesthetic. In some cases full thick-
ness biopsy will be required to obtain all layers of
the intestinal wall, in which case a general anaes-
thetic is required. Complex enzyme histochemistry
and immune histochemistry is frequently necessary.
If contrast enema is required it should be performed
pre-biopsy or at least 24 h post biopsy.

6.3.3.3
Imaging in Functional Constipation

The plain abdominal radiograph is no longer indi-
cated in cases of chronic functional constipation.
Barium enema may still be performed to assess
the degree of bowel dilatation and the degree of
colonic loading. However, a conclusive diagnosis is
rarely reached by this method alone. Biopsies are
routinely performed to exclude a previously missed
diagnosis of Hirschsprung’s disease. Pellet studies
may be performed for transit times: the patient is
given a pellet containing tiny radio-opaque markers
on each of the 3 days preceding an AXR. The mark-
ers in the pellets are different on each day allowing
for estimation of transit time. Defecography is per-
formed in some children with chronic constipation
and defaecation disorders after the third to fourth
year of life. Defecography allows assessment of the
degree or relaxation of the internal anal sphinc-
ter during retrograde filling and during defaeca-
tion. The anorectal angle can be assessed as can the
degree of relaxation of the external anal sphincter
during defaectation. The combined function of the
puborectalis muscle and the external sphincter can
be demonstrated. A detailed description of the pro-
cedure of defecography and the range of findings is
beyond the scope of this chapter.

6.4
Functional Immaturity of the Colon (Small
Left Colon and Meconium Plug Syndrome)

Historically ‘meconium plug syndrome’ and small
left colon syndrome have been considered as sep-
arate, if possibly overlapping, entities. The main
finding in both entities is that of a narrow recto-

sigmoid and descending colon with a transition to
normal size or dilated colon typically at the level of
the splenic flexure. The term ‘meconium plug syn-
drome’ was used initially, reflecting the belief that
the obstruction was probably due to ‘an alteration in
the character of the most distal portion of the meco-
nium mass’ (CLATWORTHY et al. 1956). Subsequent
authors observed that a small left colon with proxi-
mal obstruction could be seen in the absence of the
meconium plug, and termed the syndrome ‘small
left colon syndrome’, in the belief that the abnormal-
ity was due to the smallness of the colon rather than
the abnormality of the meconium. Finally the term
‘functional immaturity of the colon’ has come into
widespread use and reflects the overlapping or syn-
onymous entities of ‘small left colon syndrome’ and
‘meconium plug syndrome’ (BERDON et al. 1977).

The underlying aetiology remains unknown but
is likely due to impaired intestinal motility, lead-
ing to local inspissation of meconium and second-
ary low colonic obstruction. Presentation is in new
born infants, normally within the first 24 h of life.
Approximately 50% of infants have diabetic moth-
ers. The signs are those of abdominal distention,
vomiting and failure to pass meconium. The AXR
will show evidence of a low obstruction with multiple
dilated loops of bowel. Occasionally there is a bubbly
appearance in the colon which raises concern about
the differential diagnosis of submucosal air includ-
ing necrotising enterocolitis. Investigation is by
water soluble contrast enema. A catheter is passed per
rectum and contrast introduced under fluoroscopic
guidance. If a meconium plug is present there may be
aribbon-like filling defect in the small left colon with
alarger filling defect in an otherwise normal appear-
ing transverse colon (Fig. 6.10). The hyper-osmolality
of the contrast medium often causes the meconium
plug to shell away from the bowel wall and meco-
nium is usually evacuated during or soon after the
enema examination, resulting in relief of obstruc-
tion. If a meconium plug is not present, a small left
colon will be seen usually with an abrupt change of
calibre at the splenic flexure. The images confirm the
diagnosis and usually no further treatment is nec-
essary with the infant normally passing meconium
from the ascending and transverse colon soon after
the study. Though infants with functional immatu-
rity of the colon usually do well, a benign course is
not invariable and perforation may occur.

A differential diagnosis in infants with these
findings includes that of Hirschsprung’s disease.
However, it is unusual for a case of Hirschsprung’s
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Fig. 6.10. Contrast enema appearances in functional
immaturity of the colon: a small left-sided colon filled
with meconium

disease to have a transition zone at the splenic flex-
ure, the transition zone in functional immaturity
is often quite abrupt whereas the transition zone
in Hirschsprung’s disease may be cone shaped
and gradual, and finally in Hirschsprung’s disease
aganglionic colon is usually of near normal calibre
whereas in functional immaturity the left colon is
usually small. In newborns with functional immatu-
rity the rectum is usually quite distensible unlike in
Hirschsprung’s disease when the aganglionic colon
usually remains of uniform calibre to the anus. Ifany
doubt about the diagnosis remains after treatment by
contrast enema, a rectal biopsy should be obtained.

6.5
Colon Agenesis, Colonic Atresia and
Stenosis

Completeabsenceofthecolonandrectumisextremely
rare. However, segmental atresias or stenosis of the
colon are seen more often and are believed to be
secondary to an intrauterine vascular insult. Never-
theless they are still quite unusual and are seen much
less commonly than atresias in the small bowel. The
colon typically accounts for only 5%-15% of total

intestinal atresias (POWELL and RAFFENSPERGER
1982). The atresia may be represented simply by a
membrane across the lumen of the colon, by a fibrous
band connecting the two ends of the large bowel, by
a complete atresia with no fibrous connection, or by
multiple series of atresias.

In complete colonic agenesis or atresia the child
will present with failure to pass meconium in the
first 24 h and with clinical features of obstruction.
In colonic stenosis the degree of obstruction will be
variable. The AXR will show features of a low intes-
tinal obstruction. At contrast enema the distal colon
islikely to be a micro-colon, never having been used,
and it will not be possible to pass contrast beyond
the level of the atresia (Fig. 6.11a,b). In cases of ste-
nosis, rather than complete atresia, the stenotic por-
tion may be demonstrated with contrast material
and the colon proximal to the stenosis is likely to be
very dilated and filled with meconium or stool. The
colon proximal to the obstruction can become over
distended and ischaemic secondary to compression
by the massive intraluminal contents. Some authors
have described an association between colonic atre-
sia and Hirschsprung’s disease. However, it now
seems likely that this anecdotal link is due to the
vascular insult rendering the colon atretic and also
rendering the involved segment aganglionic.

Acquired stenosis can also occur following necro-
tising enterocolitis and this is described later in this
chapter.

6.6
Duplication Cysts

A gastrointestinal tract duplication cyst represents
a congenital anomaly found anywhere along the ali-
mentary tract, with the colon being an uncommon
site and representing only 13%-30% of cases. It shares
a common muscle wall and blood supply but has a
separate mucosal lining. The aetiology is unclear but
the duplication is thought to occur early in embryo-
logical development, usually as a failure of recanali-
sation. These cysts are located in or adjacent to the
wall of part of the gastrointestinal tract, have smooth
muscle in their walls, and are lined by mucosa similar
to that of some other portion of the alimentary tract.
However, there may be ectopic squamous mucosa,
transitional ciliated mucosa, lymphoid aggregates or
ganglion cells. Gastric mucosa and pancreatic tissue
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Fig. 6.11a,b. Colonic atresia and stenosis. a Colonic atresia in a neonate with a small distal colon and a blind
upper end. b Colonic atresia showing a lower bowel well distended with contrast but with no connection to the
more proximal bowel

are the only ectopic tissues of clinical importance.
Technetium isotope studies may help demonstrate
ectopic gastric mucosa Duplications are most com-
monly spherical cysts but may be tubular structures
that parallel the normal gut, most commonly being
on the mesenteric aspect of the alimentary canal.
They may or may not communicate with the enteric
lumen. The colon is the least frequently involved site
and there is a gradient of decreasing frequency from
the caecum to the rectum. Of the large bowel duplica-
tion cysts approximately 40% are within the caecum.
Their variation includes the colorectal tubular dupli-
cation cyst (duplication of the hind gut). This is a
double-barreled duplication involving part or all of
the large bowel with a “twin” segment on the mesen-
teric or ante-mesenteric side.

Patients normally present in the neonatal period
or in infancy and there is a male-to-female ratio of
1:2. The patient may present with constipation, with
obstruction if the cyst is of large size, or may pres-
ent with bleeding if the cyst communicates with the
normal gut lumen, and if there is ulceration of gas-
tric mucosa within the duplication cyst. Duplication
cysts may be associated with recto-genital or recto-
urinary fistula, duplication of the internal or exter-
nal genitalia, vertebral anomalies and multi-system
congenital anomaly complexes. Female patients

may present with the passage of faeces through the
vagina. Approximately 20% of rectal duplications
communicate with the rectal lumen or may connect
with the perineum as a chronic peri-anal fistula.

At contrast enema there may be simultane-
ous opacification of the true and the twin lumen.
The cystic duplication may or may not contain air
depending on whether it communicates with the
lumen of the colon.

The most effective imaging is cross sectional,
with ultrasound being the modality of choice
although cysts may also be seen on fluoroscopy as
filling defects (Fig. 6.12a). Ultrasound may show a
sonolucent mass with through transmission if the
cyst contains clear fluid contents, or may show an
echogenic mass if the cyst contains haemorrhage
or debris (Fig. 6.12b,c). Typically the inner echo-
genic mucosal, and outer hypo-echoic muscle layers
are seen confirming the diagnosis. CT or MRI can
be used for greater clarification. MRI would be the
investigation of preference given the absence of
ionizing radiation and the additional information
which can be obtained about the cyst contents on
different sequences. The intra-cystic fluid will be of
mid-signal intensity on T1-weighted MR images and
may be heterogeneous; it will return a homogeneous
high signal intensity on T2-weighted images.
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Fig. 6.12a-c. Duplication cyst of the colon.
a Contrast enema outlines the filling defect
of a caecal duplication cyst. b Ultrasound of a
duplication cyst at the hepatic flexure. ¢ High
resolution ultrasound in the same patient
shows the layers of the cyst wall and some
echogenic debris within it

6.7
Anorectal Anomalies

Anorectal anomalies occur in approximately 1 per
5000 live births and are more common in males.

The embryological development of the anorectal
segment is complex and as a result many anomalies
are possible. Many classification schemes have been
proposed, and whilst one of the simplest and earli-
est outlines (GANs 1970) is still in use it has been
superseded by the “Wingspread” classification (see
below). This is itself now likely to be superseded by a
new classifcation (KRICKENBERG 2005), but publica-
tion of this is still awaited.

The Wingspread classification divides anorectal
malformations into high, intermediate or low form
(StepHENS and SmiTH 1988). The classification is
based on the level of the rectal pouch relative to
the levator ani muscle, i.e. above the levator ani is
designated a supralevator or high, at the level of the

levator ani is termed intermediate, and below leva-
tor ani is termed translevator or low. The majority
of anorectal malformations are of the communicat-
ing type, in which the enteric component joins into
the urinary or genital tract, or to the perineum. This
abnormallylocated opening to the exterior is usually
termed ‘fistula’, however, recent work suggests that
embryologically this is not a fistula but an ectopic
anal orifice (NIEVELSTEIN et al. 1994, 1998a).
Depending on the exact level of the distal end of
the colon, it may have passed through the puborec-
tal sling. In cases of a high ending colon, the colon
ends at or above the puborectal sling which may be
hypoplastic or absent. If the colon ends low, it will
have passed through the puborectal sling, which will
usually be well developed and functional. The level
of the distal end of a colon will affect the imaging
required, and the subsequent surgical approach.
Anorectal malformations are frequently associ-
ated with other congenital anomalies, especially of
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the vertebra, kidney, esophagus or trachea. Anorec-
tal anomalies may present as part of the VACTERL
pattern of anomalies (i.e. vertebral, anal, cardiac,
tracheal, esophageal, renal and limb anomalies). The
overall incidence of associated anomalies is approx-
imately 50%. Associated genitourinary tract abnor-
malities occur in 28%-72% of cases. The anomalies
are twice as common with high, as opposed to low
anorectal malformations, although up to 30% of
patients with low imperforate anus have associated
urologic anomalies which may still cause significant
morbidity (M1sra et al. 1996). Many of the associ-
ated anomalies are significant, and the long-term
outcome for children with anorectal malformations
is often dependent on the extent of the associated
anomalies more than on the anorectal malforma-
tion itself.

When anorectal malformations are associated
with several other congenital abnormalities, involv-
ing the spinal cord, spine, and urogenital system it is
often called the caudal regression syndrome, which
has an association with maternal diabetes. A further
associated syndrome, Currarino’s triad is the rare
autosomal dominant genetic disorder characterised
by the complex of a congenital sacral bony abnor-
mality with a ‘sickle-shape’, anorectal malforma-
tion and a pre-sacral mass (anterior meningocele,
teratoma, dermoid cyst or enteric duplication cyst)
(CURRARINO et al. 1980).

A separate, more complex group of anomalies is
formed by the cloacal malformations, in which the
urinary, genital and intestinal tracts converge to
form a common channel with a single perineal ori-
fice, i.e. the cloaca. These malformations are found
exclusively in phenotypic females.

6.7.1
Imaging for Anorectal Anomalies

An anorectal anomaly is usually identified clini-
cally. There may be an anal dimple present on the
perineum or there may be an apparently patent
external orifice but with a digitally palpable mem-
brane on examination. Meconium may be passed
per urethra in boys or per vagina in girls.

It is still common that plain radiography is per-
formed and this will show a low obstruction early in
the neonatal period (Fig. 13a). A prone lateral shoot
through radiograph may be helpful in determining
the level of the atresia, and allow assessment of the
sacrum (Figs. 13b,c)

Ultrasound has been used to delineate the dis-
tance from the distal gas-filled colon to the perineum
although its use is not widespread (DONALDSON et
al. 1989); less than 10 mm indicates a low lesion, and
15mm or greater indicates a high lesion that will
require diversion with colostomy.

Given the high incidence of associated anomalies
all patients should have a renal tract ultrasound early
in the newborn period. If this shows hydronephrosis,
hydroureter or other renal abnormality (Fig. 6.13d) a
full urological workup should be performed before a
colostomy is fashioned or immediately after (PENA
1993). It would be appropriate to perform spinal ultra-
sound at the same examination to assess the integ-
rity of the spinal cord and any associated dysraphic
abnormalities (Fig. 6.13e). If this is normal only plain
radiographs of the lumbar spine will be required, but
if any further anomalies are demonstrated MRI of
the lumbosacral spine should be obtained later when
clinically appropriate (Fig. 6.13f). Possible associated
intraspinal pathology includes caudal regression syn-
drome, cord tethering, hydromyelia or lipoma of the
filum terminale. Newborn females with a cloaca may
need drainage of a hydrocolpos.

Many centres make a clinical decision whether to
proceed to definitive primary repair by perineal ano-
plasty (for low malformations) or to perform a colos-
tomy only, deferring further imaging until definitive
repair can be performed at a later date (in high mal-
formations). Most centers routinely use a combination
of a micturating cystogram (MCU) and a loopogram
through the loop colostomy (high pressure distal
colostogram) to outline any associated connection
or ‘fistula’ between the distal bowel and the urinary
tract (Fig. 6.13g,h). The MCU will also demonstrate
the degree of any associated vesicoureteric reflux. An
increasing number of centers are additionally using
MR imaging, as it can help determine the presence of
the puborectalis muscle and external sphincter as well
as therectal pouch prior to surgery. The definitive sur-
gical approach for high malformations is dependent
on the type of fistula demonstrated. The posterior
sagittal anorectoplasty (PSARP) is most often used in
this group but in cases with an additional rectovesical
fistula a laparotomy is also required in addition to the
posterior sagittal approach.

A PSARP is performed prone. A midline poste-
rior sagittal incision is made extending from the mid
level of the sacrum to the anterior edge of the external
sphincter.

The sphincter mechanism is divided in the mid-
line hence preserving the nerve fibers. The gluteal
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pelvis. Note the associated deficient sacrum. b A prone lateral shoot through radiograph showing the lowest gas filled bowel
which is near the radio-opaque marker place in the natal cleft. This is a low’ anomaly. ¢ A prone lateral shoot through radio-
graph showing the lowest gas filled bowel which is near the radio-opaque marker place in the natal cleft. This is a higher anom-
aly. d Renal US showing crossed fused ectopia in an infant with an anorectal malformation. The fused right and left kidneys
are shown by the markers. e Spine ultrasound in the patient shown in (a) showing the deficient sacrum, the cord was normal.
f T2-weighted sagittal sequence of the spine showing the partly absent sacrum. g A ‘fistula’ inserting into the posterior
urethra of a male infant. h Loopogram study demonstrating distension of the distal colon with retrograde filling of the
bladder via the very narrow fistula. i MR of the pelvic floor following surgery showing mesenteric fat that has inadvertently

been brought down into the rectal complex

musclesareopenedlikeabook,andallinternal struc-
tures including the ‘fistula’ are exposed. The rectum
is then separated from the genitourinary tract, dis-
sected, and freed enough to reach its normal orifice
without tension. The fistula site is then closed.
With the use of an electrical muscle stimulator,
the limits of the sphincter mechanism are deter-
mined and the rectum is placed in its optimal loca-
tion to achieve the best functional results. Adequate
placement of the neo-rectum in both the puborecta-

lis muscle and the external anal sphincter is essen-
tial in achieving an acceptable functional outcome
(Fig. 6.13i) (NIEVELSTEIN et al. 1998D).

6.7.1.1
MCU and Loopogram Technique

The combined MCU and loopogram is usually per-
formed when the child is a few months old. An MCU
is performed first using a urethral catheter, and good

-

<a—_f Fig. 6.13. a Abdominal radiograph on day 1 of life. The bowel is distended with air but this comes to an abrupt end low in the
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distention of the bladder must be achieved. The ‘fis-
tula’, if present, is often demonstrated at MCU when
the child voids with retrograde filling of the fistula
connecting to the distal bowel loop. The loopogram
is then performed using water-soluble contrast, with
a good seal being obtained at the stomal orifice by
careful inflation of the catheter balloon. With maxi-
mal filling of the distal pouch the fistula may again
be delineated, and the inferior limit of the distal
pouch can be demonstrated. It is essential to get
good pressure in the distal segment to be certain
that any possible ectopic insertion of the bowel has
been demonstrated.

6.7.1.2
MRI Imaging Technique in the Neonatal or
Infantile Period

Suggested sequences are given in Table6.1
(NIEVELSTEIN et al. 1998b). The level of the anorectal
malformation can be adequately demonstrated on T1-
weighted images but T2-weighted images are particu-
larly helpful in the evaluation of intermediate and low
malformation because the highest signal intensity of
the anorectal mucosa allows better delineation of
the anorectum with respect to this sphincter muscle
complex and perineum (NIEVELSTEIN et al. 1998b).
The sagittal and coronal sequences allow accurate
determination of the level of the malformation. The
use of FSE T2-weighted sagittal and axial images
allows detection of a fistula, although the exact level

Table 6.1. Suggested guidelines (NIEVELSTEIN et al. 1998b)
for MR protocol for neonates and infants with anorectal mal-
formations (based on a 1-T or 1.5-T magnet using a head coil
for neonates and a phased array body coil for older children).
Axial and coronal planes should be angled to be parallel and
perpendicular to the pelvic floor. Imaging of the spinal cord
and kidneys is only necessary if associated anomalies are
suspected

Sequence Plane Anatomic region
SE T1 Sagittal Pelvis, spine from T10,
kidneys
SE T1 Axial, coronal  Pelvis
FSE T2 Sagittal, axial, Pelvis
coronal
SE T1 Axial, coronal  Spinal cord and/or kidneys
GRE T2 Sagittal Spinal cord and spine
GRE T2 Axial Spinal cord and cauda

equina

of connection to the urogenital system may still be
difficult to ascertain. If MRI is performed in the neo-
natal period the hyperintense meconium inside the
rectal pouch on T1-weighted images may serve as an
excellent MRI contrast agent. For further details of
specialized MRI anatomy and techniques the inter-
ested reader is referred to the cited literature (PENA
1993; NIEVELSTEIN et al. 1998b; PRINGLE et al. 1987;
SaToetal. 1988; VADE et al. 1989; TACONNE et al. 1992;
Fukuya et al. 1993).

6.8
Typhlitis

Typhlitis, also known as ileocaecal syndrome or
neutropenic colitis, is an acute inflammation of the
caecum, appendix and occasionally terminal ileum.
It is primarily described in children with leukemia
and a severe neutropenia. Histologically the changes
are of oedema and ulceration of the entire bowel wall,
with transmural necrosis and perforation possible.
It is thought to be due to a leukemia or lymphoma-
tous infiltrate, ischaemia, focal pseudo membranous
colitis and/or infection. The most common organ-
isms found include cytomegalovirus virus, Pseudo-
monas, Candida, Klebsiella, E Coli, B Fragilis and
Enterobacter. Whilst being most common in child-
hood leukemia, it is also seen in aplastic anaemia,
lymphoma and during immunosuppressive therapy.
Children present with abdominal pain (which may
be localized to the right iliac fossa), watery diar-
rhoea, a palpable mass in the right iliac fossa, fever
in neutropenia or with bloody stools.

The caecum and ascending colon are the most
common sites of involvement, the appendix and the
terminal ileum may be secondarily involved. The
plain abdominal radiograph may show distention
of nearby small bowel loops, possibly a fluid-filled
mass-like density in the right iliac fossa, represent-
ing the caecum, thumb printing of the ascending
colon and thickening of the caecal wall to greater
than 4 mm. Typhlitis may be associated with pneu-
matosis coli which is a common finding in markedly
immunosuppressed children. Ultrasound examina-
tion can be either by a curvilinear or a linear probe.
The circumferential thickening of the caecal wall,
and possibly the terminal ileum, will be seen. There
may be adjacent oedema. Some centers advocate the
use of CT where the main findings will again be of
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Fig. 6.14. Abdominal radiograph showing thickening of the
cecal wall and intramural gas consistent with typhlitis in
this immunocompromised patient

wall thickening of the caecum, decreased bowel wall
attenuation due to oedema, streaking and strand-
ing of the adjacent fat and thickening of the fascial
planes, as well as fluid around the colon associated
with intramural pneumatosis.

Contrast studies should not be attempted due to
the risk of perforation. In the absence of perforation
surgery is not indicated.

The differential diagnosis includes appendicitis
with an appendicular abscess, inflammatory bowel
disease or leukaemic deposit (in which case the wall
thickening is likely to be eccentric) (ALEXANDER et
al. 1988) (Fig. 6.14).

6.9
Volvulus

Volvulus of the colon is rare in children and infants
but when seen it most commonly involves the sig-
moid colon, although caecal volvulus can also occur.
The sigmoid colon in infants and children is often
redundant and therefore the extra length is believed
to be prone to twisting. In a recent review of the lit-
erature (SALAs et al. 2000) the median age at presen-
tation was 7 years, ranging from 4 h to 18 years. Boys
were more commonly affected than girls (ratio: 3.5
to 1) and presentation could be either acute or recur-

rent. In acute cases, the mean duration of symptoms,
including severe pain that may escalate to shock
and circulatory collapse, was 1.5 days. In recur-
rent cases, the chronic and intermittent episodes of
pain had been present, on average, for 1 year. The
most common symptoms are abdominal pain that
is relieved by passage of stool or flatus, abdominal
distention and vomiting.

A plainabdominal radiograph shows colonic dila-
tation. A sigmoid volvulus tends to point to the right
upper quadrant and will be shown by enclosed loop
of dilated bowel. As in adults, a caecal volvulus will
tend to lie in the left upper quadrant. The diagnosis
is usually made from the plain abdominal film; how-
ever, if a contrast enema is performed this may dem-
onstrate a typical beak deformity showing the point
of obstruction as a result of twisting by the volvulus.
The volvulus may resolve spontaneously, but if per-
sistent will need to be reduced surgically, although
in some patients a contrast examination may reduce
the volvulus (MELLOR and DRAKE 1994).

6.10
Lymphoid Hyperplasia

Lymphoid hyperplasia affecting the colon in infants
and children is well recognised and best seen on a
double contrast barium enema. The classical finding
is a mucosa studded with innumerable 1- to 3-mm
small uniform nodules. Some of these lesions may
show an umbilicated center but this is not always
seen. Whilst it is normal to find some lymphoid
follicles in the pediatric gut they are usually sparser
and more diffuse.

Lymphoid hyperplasia is most commonly seen in
children less than 2 years old but is also seen in older
children and adults. The histology is that of hyper-
plastic lymph follicles in the lamina propria (Peyer’s
patches) and these follicles probably represent a
compensatory attempt for immunoglobulin defi-
ciency. In adults lymphoid hyperplasia is associated
with late onset immunoglobulin deficiency (IgA,
IgM). Occasionally lymphoid hyperplasia can take
the form of large polypoid growths in the ileocaecal
region. Clinical presentation may be indistinguish-
able from acute appendicitis. In this variant of lym-
phoid hyperplasia there is increased risk of bleeding
and intussusception, with secondary obstruction.
The condition may require surgical intervention.
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6.11
Necrotising Enterocolitis

Necrotising enterocolitis (NEC) in modern paedi-
atric practice refers to the idiopathic, often severe
enterocolitis that occurs in premature infants in
neonatal intensive care units. The only definite risk
factor for NEC is prematurity and the majority of
cases occur in infants who weigh less than 2000 g,
with both the incidence and mortality increasing
with decreasing birth weight and gestational age
(HoLMmAN et al. 1997). NEC may also occur in full-
term infants with a predisposition, such as those
who have had surgery for congenital heart disease
or who have had abdominal surgery. An acute enteri-
tis may be seen in Hirschsprung’s disease. Vascular
lines and generalized sepsis have been loosely asso-
ciated with NEC.

Inflammation begins in the mucosa of the bowel
wall and then extends through the whole bowel wall.
The terminal ileum and the proximal colon are the
most commonly affected areas.

Details of the acute radiological findings are
described elsewhere in the text as they are not spe-
cific to the colon. However, the complications of
NEC often do involve the colon with approximately
10%-20% of survivors developing strictures of the

Fig. 6.15. Contrast enema showing a stricture of the
descending colon following necrotising enterocolitis

bowel which may be single or multiple. Despite NEC
most commonly affecting the distal ileum and the
ascending colon the majority of strictures affect
the descending colon (Fig. 6.15). Infants who have
developed strictures may be asymptomatic but most
present clinically within weeks to months of the
initial diagnosis of NEC, usually with a distended
abdomen, intolerance of feeds or with obstruction.
In those infants who have had surgery to raise an
ileostomy or colostomy it is essential to assess the
distal bowel using a loopogram or contrast enema
before reversal of the stoma.

6.12
Inflammatory Bowel Disease
Affecting the Colon

In infants and young children the majority of the
colitides are thought to be infectious in origin,
although ulcerative colitis (UC) and Crohn’s disease
(CD) are also seen. In the neonatal period, inflam-
matory processes of the colon are often related to
necrotising enterocolitis, but the enterocolitis of
Hirschsprung’s disease and colitis associated with
milk allergy are also seen. UC and CD are the main
inflammatory diseases of the colon that come to the
attention of the paediatric radiologist and hence are
discussed below.

6.12.1
Chronic Inflammatory Bowel Disease

UC and CD are both considered ‘idiopathic’ types of
inflammatory bowel disease (IBD). They are distin-
guished by their morphological, histological, clini-
cal and epidemiological features and by their dis-
tribution in the gut. In some cases it is not possible
to differentiate the two conditions by the standard
criteria and in such patients the colitis is considered
‘indeterminate’. Patients may present with abdomi-
nal symptoms such as pain, cramping, diarrhoea,
bloody stools and weight loss, but also with associ-
ated symptoms including anorexia, arthritis, failure
to thrive and other extra-intestinal symptoms. The
aetiology is unclear but childhood infection, early
diarrhoea, immunological hypersensitivity and vas-
culitis have all been linked to both CD and UC.
Affected relatives/family history are reported in up




The Colon

217

to 20% of patients suggesting a genetic contribution
in at least some cases.

6.12.2
Imaging in Inflammatory Bowel Disease of the
Colon

Colonoscopy and biopsy is the mainstay in the
investigation of suspected IBD affecting the colon
or terminal ileum. However, imaging can add impor-
tant information during disease exacerbations and
complications. Plain abdominal radiographs may
demonstrate an acute colitis, bowel perforation or
obstruction. The features of acute colitis include
increased thickness of the colonic wall, irregular-
ity of the mucosal surface, bowel dilatation, and an
abnormal stool distribution (stool being non-adher-
ent to inflamed mucosa). Absence of any stool sug-
gests significant and widespread inflammation, and
associated spasm may result in the absence of any
bowel contents (stool or air). Nuclear medicine exam-
inations provide an adjunct to endoscopy and radio-
logical techniques with technetium-leukocyte scans
(white cell scans) useful for assessing the presence
and location of active disease in children (Fig. 6.16a).
Whilst this technique cannot give anatomical detail
regarding strictures and fistulae, it is able to confirm
active disease using a lower radiation dose than the
barium follow through or barium enema.

Whilst the barium follow through is the main
contrast examination for assessing the small bowel
in IBD (Fig. 6.16b) it may still provide information
on the colon if delayed views are obtained; how-
ever, the barium enema is mainly used in the colon.
A double-contrast technique is necessary for muco-
sal delineation although for patients with advanced
disease a single contrast study may be adequate.
Some centers have a preference for performing small
bowel enteroclysis.

More recently there has been increasing use of
MRI in the imaging of Crohn’s disease in children.
Various protocols are in use (WIARDA et al. 2005;
HorsTHUIS et al. 2005; GOURTSOYIANNIS et al. 2004;
Kim and Ha 2003). Typically this may be performed
using 11 of 2.5% mannitol solution as an oral prepa-
ration, taken over the hour leading up to the imag-
ing, and following a 6-h fast. Hyoscine butylbromide
and gadolinium are given intravenously at the start
of the scan and sequences typically including heav-
ily T2-weighted (HASTE), true FISPs and VIBEs (3D
volume acquisition) are obtained in a coronal plane.

6.12.2.1
Imaging Finding in Ulcerative Colitis

Ulcerative colitis is well recognised in children,
but tends to occur in older children, with a similar
pattern to that seen in adults. The inflammatory
process is confined to the mucosa and superficial
mucosa of the colon and the inflammation typically
extends for a varying distance retrogradely from the
rectum. Colonoscopy is the investigation of choice
and barium enemas are rarely performed. Ifa double
contrast enema is obtained the findings are those of
superficial ulceration of the mucosa, often appear-
ing as a fine mucosal granularity and loss of haustra-
tion. The presacral space may be widened with active
disease in the rectum. As the disease progresses the
ulceration will become more prominent with spic-
ules and serrated bowel margins. Deeper ulcers are
described as being “collar button” and there may be
“double tracking” representing longitudinal submu-
cosal ulceration. “Thumb printing” demonstrates
symmetric thickening of the colonic folds. As the
disease progresses inflammatory polyps may be
seen, the mucosa becomes coarsened, and eventu-
ally the colon becomes shortened, distensible and
without haustral markings or a mucosal pattern.

6.12.2.2
Imaging Findings in Crohn’s Disease

In contrast, Crohn’s disease shows transmural
inflammation and characteristically affects some
areas of bowel and not others. Compared to ulcer-
ative colitis, the colon is less affected in Crohn’s
disease but overall, Crohn’s disease is more common
than ulcerative colitis in children and therefore
inflammatory bowel disease affecting the colon in
children is most commonly Crohn’s disease. Crohn’s
disease particularly affects the right side of the colon
with sparing of the rectum and sigmoid colon. In
the early stages barium enema will show nodular
enlargement of lymphoid follicles and aphthous
ulcers. As the disease progresses the findings are
similar to those in adults, i.e. a cobblestone appear-
ance to the bowel wall caused by longitudinal and
transverse ulcers separated by areas of oedema,
straightening and rigidity of the affected part of the
colon, strictures and fistulae. Barium studies remain
the mainstay of investigations, however, white cell
studies (nuclear medicine) are useful for confirm-
ing acute exacerbation when anatomical detail is
not required. Ultrasound is useful for showing
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Fig. 6.16a-d. Crohn’s disease of the colon. a Indium labelled white cell scan in active disease with widespread involvement
of the caecum, transverse and descending colon. b Barium follow through demonstrating stricture formation of the ascend-
ing colon with displaced adjacent bowel consistent with an inflammatory mass. ¢ Ultrasound of the descending colon in a
patient with active disease. Note the thickened bowel wall and the obliterated bowel lumen. d Coronal MRI showing marked
wall thickening of the caecal pole with a narrowed lumen

thickening of the bowel wall, typically to 8 mm or
more (Fig. 6.16¢), and can also show the presence of
abscesses and distended loops. MRI is increasingly
used to examine the bowel wall (Fig. 6.16d) and also
to show the presence and configuration of fistulae,
especially in the peri-anal region.

As both Crohn’s disease and ulcerative colitis are
similar in adults and children the reader is referred
to the adult literature for further reading.
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Introduction

In recent decades, image-guided interventions have
become daily routine in radiology departments
worldwide. Radiologists and clinicians alike clearly
see the advantages of image-guided interventions, as
itis minimally invasive, well tolerated by patients and
has shown to have a low level of complications.

R. R. VAN R1JN; J. S. LAMERIS
Department of Radiology, Academic Medical Centre/Emma
Children’s Hospital Amsterdam, the Netherlands

In paediatrics this level of acceptance has yet to
be reached, and currently interventional radiology
in this particular group of patients is mostly per-
formed in specialized paediatric hospitals. As we all
know and should appreciate, children are not min-
iature adults, a fact reflected by age specific pathol-
ogy and psychological development. This means
that when a paediatric interventional program is
initiated one should keep in mind specific problems
when dealing with children. Generally speaking,
one should plan ample time and be prepared to do
fewer interventions in a given time frame than in an
adult setting. If one is prepared to do the proverbial
extra mile, one will be rewarded by satisfied patients
and parents alike.

In this chapter we will discuss sedation and inter-
ventional procedures related to the gastrointestinal
tract.

7.2
Sedation

One of the hallmarks of paediatric radiological
interventions is the need for sedation in combina-
tion with analgesia. Where in the adult population
local anaesthesia will mostly suffice, this will almost
never be the case in children. This aspect of the
interventional procedure may be one of the reasons
for the lower level of acceptance of interventional
radiology in children.

Although the situation will differ from country to
country and most likely even from hospital to hos-
pital, we would like to present a number of guide-
lines for running a sedation program in a radiology
department.

Our first advice is to cooperate with your anaes-
thesiologists in order to develop a set of guidelines
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along which the decision can be made whether to
perform the procedure under sedation or under
total anaesthesia.

Secondly, talk with the parents and where pos-
sible with the child. Explain the procedure and try
to assess whether it will be possible to perform the
procedure under sedation or whether general anaes-
thesia should be used.

Finally, when in doubt do not use sedation but
consult the appropriate experts, since, after all, we
are first and foremost radiologists.

Foramorein-depth discussion of whatsedation s,
we refer to the AMERICAN SOCIETY OF ANAESTHESIA
(ASA) (1996) and the AMERICAN COLLEGE OF
RaproLoGgy (ACR) (2004). Sedation can be classified
into three different levels. Level I is light sedation or
anxiolysis. This category is defined as ‘the admin-
istration of oral medications for the reduction of
anxiety’ and ‘a drug induced state during which the
patient responds normally to verbal commands’. The
ASA further states that ‘although cognitive function
and coordination may be impaired, ventilatory and
cardiovascular functions are unaffected. Level II is
moderate or conscious sedation, which is defined
as ‘a minimally depressed level of consciousness
induced by the administration of pharmacological
agents in which the patient retains conscious and
independent ability to maintain protective reflexes
and a patent airway and to be aroused by physical
or verbal stimulation’. LevelII sedation is actu-
ally quite difficult to achieve and maintain as it
may easily lead to the next level (level III), i.e. deep
sedation which is ‘a controlled state of depressed
consciousness or unconsciousness from which the
patient is not easily aroused’ (ASA 1996). Sedation
level IV is general anaesthesia, which is beyond the
scope of this article.

Sedation should always be performed by or under
the supervision of a physician. This is especially so in
the case of a radiological intervention as both seda-
tion and analgesia are necessary. The latter combi-
nation makes it all the more difficult to adequately
monitor the patient in question, thus it is essential
that all persons responsible for the administration
of medication and/or monitoring of the patient
should be fully knowledgeable of the equipment and
medication in use. Furthermore, they should pos-
sess basic life support skills in order to intervene in
case of complications.

The current situation in Europe is that in many
centres anaesthesia resources are relatively limited,
which has led to the situation where more and more

non-anaesthesiologists are administering seda-
tives. A possible solution to this problem in paedi-
atric interventional radiology could be the use of a
nurse-led sedation program. Several publications
show excellent results of these programs for MRI
units (SURY et al. 1999; BEEBE et al. 2000). SURY
et al. (1999) report on a total of 1155 sedations for
MRI with a failure rate of only 5%, without cases of
adverse reactions.

Finally, which patients are eligible for sedation?
According to the ASA only classI and II patients
(healthy patient and patient with mild systemic dis-
ease, respectively) are eligible (see Table 7.1). ASA
Class III and higher require general anaesthesia
(ASA 1996).

When an interventional procedure is performed
under sedation the radiologist is also responsible
for the pre-procedural management. In neonates the
last feeding should be withheld, while in older chil-
dren the policy is nil-by-mouth for at least 4 hours
prior to sedation. Several drugs can be used for
sedation (Table 7.2). However, the choice of drugs
will depend on the experience of the radiologist,
availability of the drugs and hospital policy. In an
excellent review article by TowBIN et al. (1988) they
describe a strategy that, in their hands, has a 98%
success rate. In children less than 2 years of age,
oral chloral hydrate, at a dose of 50 mg/kg, is their
drug of first choice. If more sedation is needed, for
instance in case of a painful procedure, intrave-
nous Fentanyl can be given, albeit in small doses of
1 mcg/kg. In children aged 2 years and above, oral
chloral hydrate will generally not suffice. Intrave-
nous Nembutal (Pentobarbital sodium), 2 mg/kg, is
then preferred. Nembutal is a quick acting drug with
relatively few side effects. When using Nembutal in
interventional radiology, Fentanyl should be added,

Table 7.1. American Society of Anaesthesia physical status
classification

Class I A normal, healthy patient

Class II A patient with mild systemic disease

Class III A patient with severe systemic disease

Class IV A patient with severe systemic disease that is
a constant threat to life

Class V A moribund patient who is not expected to
survive without the operation

Class VI A brain-dead patient whose organs are being

removed for donor purposes
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Table 7.2. Drugs used in sedation (TowBIN and BALL 1988; KAYE et al. 2000a)

Drug

Chloral hydrate
Nembutal
Fentanyl

Midazolam

Dose Range Administration

50 mg/kg 50-75 mg/kg Oral

2 mg/kg 2-8 mg/kg Intravenous

1 pg/kg 1-5 pg/kg Intravenous
0.1-0.3 mg/kg Intranasally

as Nembutal tends to make children hypersensitive
to stimulation. Nembutal should be given in 2- to
3-mg/kg boluses, titrated to the preferred level of
sedation. RUBIN et al. (2004) presented their experi-
ence with oral or intravenous caffeine for the treat-
ment of post-sedation paradoxical hyperactivity. Of
the children treated, 63% showed a positive effect
and returned to baseline behavioural status signifi-
cantly sooner than untreated children.

The use of midazolam intranasally as premedi-
cation has been described in several publications
(WEBER et al. 2003; KogaN et al. 2002; LJUNGMAN
et al. 2000). Its use reduces anxiety, induces amne-
sia in a significant number of patients and also has
a sedative effect. The latter, however, is hardly ever
satisfactory to allow an interventional procedure
to be performed, but it will facilitate insertion of a
venous access (KAYE etal. 2000a). The most common
adverse reaction is nasal discomfort, reported to be
as high as 45% of the cases; one case of an allergic
reaction has also been published (LyjuNGMAN et al.
2000; McILWAIN et al. 2004).

In a publication by REEVES et al. (2004) reported
that conscious sedation using propofol actually
amounted to deep sedation. The use of this medicine
should therefore be restricted to personnel trained
in anaesthesia and airway management.

Following an interventional procedure, the chil-
dren should be observed and, depending on the
intervention, feeding can be started, but only if the
child has regained full consciousness.

7.3
Balloon Dilatation of Oesophageal Stricture

Oesophageal strictures in childhood can be the
result of oesophageal surgery performed in the
case of congenital oesophageal atresia (with stric-
tures occurring in up to 70% of patients), or as a

complication of ingestion of caustic agents, severe
gastroesophageal reflux or oesophagitis and in rare
cases epidermolysis bullosa (HuaNG et al. 2004;
Fasurakis and ANDRONIKOU 2003; SATO et al. 1988;
NAEHRLICH et al. 2000; SAID et al. 2003; ERDOGAN
et al. 2003; JAYAKRISHNAN and WILKINSON 2001).
Prior to the LoNDON et al. publication in 1981 on the
use of a balloon catheter in order to treat oesopha-
geal strictures, these strictures were treated with
serial bougienage, with an increasing diameter,
under general anaesthesia. Balloon dilatation has
now become the initial choice of treatment in cases
of oesophageal stricture.

In this fluoroscopy-guided procedure, a balloon
catheter is passed over a guidewire after which
dilation is performed (Fig.7.1) (FAsuLakis and
ANDRONIKOU 2003). Prior to the procedure the
patient is kept nil-by-mouth and an oesophagram
is performed for precise location of the stricture.
Thereafter a small feeding tube is placed just cra-
nial of the stricture, through which a guidewire is
passed and negotiated beyond the stricture, and
finally placed within the stomach for the duration
of the procedure. The feeding tube is exchanged for
a balloon catheter, of which the markers on the bal-
loon are placed across the stricture. The size of the
balloon can be measured on a calibrated oesopha-
gram; however, the ‘rule of thumb’ is as effective
(Hamza et al. 2003). According to this latter rule,
the calibre of the balloon is equal to the diameter
of the patient’s thumb. The balloon is inflated using
a water-soluble contrast medium, enabling visual
inspection during the procedure. Some recommend
the use of serial dilatations in one session whereas
others claim that a prolonged inflation of the bal-
loon is as effective. After the procedure has been
completed, a repeat oesophagram, using water-
soluble contrast medium, is performed to rule out
perforation.

The success rate of balloon dilatation is reported
to range from 62.5% to 79%. In cases of post-surgical
stenosis and gastroesophageal reflux-induced ste-
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Fig.7.1. a A 2-month-old boy with a history of esophageal atresia. Post-operatively a stricture
developed at the level of the anastomosis. Dilatation with a 7-mm balloon shows a clear waist
in the balloon at the level of the stenosis. b The balloon is fully inflated and the stenosis is no
longer visible

nosis, the procedure has shown to be most effective
(Lisy et al. 1998; SANDGREN and MALMFORS 1998).
LANG et al. (2001) compared balloon dilatation with
bougienage in a paediatric population and found
that in the balloon group 1-7 procedures (median 2)
were required while in the bougienage group it
required 1-60 (median 9, p=0.002) procedures.

Balloon dilation is a multi-session procedure.
Serial dilation has the advantage that it minimizes
the risk of tears and perforation. The advantage of
balloon dilation over bougienage is that, when the
balloon is inflated, it exerts a radial force on the
stricture opposed to the shearing forces induced by
bougienage (McLEAN and LE VEEN 1989; YEMING et
al. 2002; KiM et al. 1993). This leads to a decreased
risk in perforation, which in balloon dilation has
been reported to be as low as 0%-1.8% compared
to a 5.8% risk in bougienage (FAsuLakis and
ANDRONIKOU 2003; SAaTO et al. 1988; Sa1D et al. 2003;
JAYAKRISHNAN and WILKINSON 2001; SANDGREN
and MALMFORS 1998; McLEAN and LE VEEN 1989;
Kim et al. 1993).

Although a safe procedure, contraindications for
balloon dilation do exist, and these are considered to
be multiple (> 3) strictures, long strictures (> 5 cm),
tortuous strictures, or patients with tracheoesopha-
geal fistulas (HaMzA et al. 2003).

7.4
Percutaneous Gastrostomy

The use of percutaneous feeding techniques is
well appreciated by clinicians and patients alike,
and in most instances will be the preferred tech-
nique for nutritional supplementation. Percuta-
neous techniques surpass surgical procedures as
in most cases they can be performed under IV
sedation in combination with local anaesthesia.
CHAIT et al. (1996) reported on 505 children in
which 77.5% of all procedures were done suc-
cessfully under IV sedation in combination with
local anaesthesia. Additionally, the percutaneous
procedure is less time consuming, has a lower
complication rate and is less expensive (KAYE et
al. 2000a; Kave and TowBIN 2002; Cory et al.
1988). Compared to endoscopic techniques it has
the advantage of visualizing the liver prior to
puncture of the abdominal wall, thus reducing
the risk of passing the tube through the left liver
lobe (STELLATO and GAUDERER 1987). Due to the
relative ease of the procedure the number of indi-
cations has increased over the years. One can state
that each child that needs nutritional support for
a period of more than 6-8 weeks is a candidate for
this procedure.
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Currently there are two different approaches
to percutaneous gastrostomy placement: the ret-
rograde or ‘push’ technique, and the antegrade or
‘pull’ technique (TowBIN and BaLL 1988; KAYE et
al. 2000a; Kaye and TowBIN 2002). Both techniques
have a high reported success rate (84%-100%) and
a low rate of complications (major 0.5%-5% and
minor 12%-16%). In the largest retrospective study
to date by DEwaLD et al. (1999), of 701 adult cases
only three (0.4%) experienced major complications
(two cases of peritonitis and one case of external
leakage requiring removal of the catheter) occurred.
FRIEDMAN et al. (2004) presented data on 253 tubes
(208 gastrostomy tubes, 41 gastrojejunostomy tubes
and four gastrostomy and gastrojejunostomy tubes)
in 208 children. In their study they found a major
complication rate of 5% (including one death after
peritonitis). CHAIT et al. (1996) reported on retro-
grade gastrostomies and gastrojejunostomies in
505 children. They found that in 1.2% access to the
stomach could not be achieved, while in only two
patients of their series did the gastrostomy tube
require modification by surgical intervention. No
procedure-related deaths were reported.

Occasionally the transverse colon or the splenic
flexure can be interposed between the stomach and
abdominal wall; usually inflation of the stomach will
displace the colon caudally. However, if this does not
occur safe access cannot be obtained. WIEBE et al.
(2004) recently described a safe technique in which
a 27- or 25-gauge needle can be used to deflate the
colonic loop so as to obtain a safe entrance into the
stomach.

Preprocedural preparationisrelatively simpleand
consists of withholding the last feeding in children
younger than 4 months and nil-by-mouth for older
children. Antibiotics are not routinely administered;
however, in children with a depressed immunologi-
cal system or with a ventriculoperitoneal drain there
is an indication for prophylactic antibiotics. In case
of perforation during the procedure or free air after
the procedure, antibiotics should always be admin-
istered.

As both procedures are safe to perform, the
number of contraindications is relatively low. How-
ever, in children with a severe non-correctable coag-
ulopathy, severe respiratory or cardiac problems a
surgical approach would be more advisable. In some
children their inherent anatomy, i.e. the absence
of a good percutaneous route, or previous gastric
surgery, will preclude a percutaneous approach.
DEwaLD etal. (1999) reported this to occur in 4.4% of

their patients. For the ‘pull’ technique the oesopha-
gus should be sufficiently in diameter(> 12 mm) to
pass the tube. If this is not the case, a push approach
should be chosen.

7.4.1
Retrograde Gastrostomy ‘Push’

The retrograde or ‘push’ technique is the most
widely used technique for both the adult and pae-
diatric populations. One should start by performing
an upper abdominal ultrasound scan to assess and
mark the position of the liver and transverse colon.
The colon can be opacified using contrast medium
to better delineate its position and thereby decreas-
ing the risk of inadvertently puncturing it during
the procedure.

A nasogastric tube is inserted and the stomach
inflated. Thereafter it is punctured under fluoro-
scopicguidanceanda T-fastenerisinserted (Fig. 7.2).
Some radiologists will place up to three T-fasteners
in order to secure the gastric wall to the anterior
abdominal wall. The advantage of using only one
T-fastener is that the procedure can be done with a
single puncture of the stomach.

Under fluoroscopic guidance the stomach is
punctured and a guidewire is inserted. Using dila-
tors the needle tract is dilated and a gastrostomy
tube is placed within the stomach. The retention
balloon is inflated and the gastrostomy tube is fixed
to the abdominal wall using the supplied external
stabilizer.

At the end of the procedure a cross table radio-
graph should be taken to rule out free intraperito-
neal air. Post procedure the patient is kept nil-by-
mouth and the tube is not used for at least 6 hours
after the procedure. In practice this will mean that
the first feeding over the gastrostomy tube will
occur the morning after the procedure. Medication
and fluid should be given intravenously during this
period. Both the patient and his/hers parents should
be carefully instructed on the use of the gastrostomy
tube.

7.4.2
Antegrade Gastrostomy ‘Pull’

The intervention starts with an ultrasound exam of
the upper abdomen to assess and mark the position
of the liver and transverse colon. Thereafter a naso-
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gastric and an orogastric feeding tube are inserted
into the stomach. A snare is passed through the
orogastric tube and positioned in the stomach. With
the snare in place, the stomach is inflated, displacing
the transverse colon inferiorly, and punctured with a
needle. Through theneedlealongguidewire (260 cm)
is inserted into the stomach and, under fluoroscopic
guidance, grasped by the snare (Fig. 7.3a,b) to be
subsequently pulled up the oesophagus and out of
the mouth. This now means that the guidewire runs
through the mouth into the stomach and out via the
puncture site. Over this guidewire a gastrostomy
tube with a fixed terminal retention disk is fitted and
fed until the tip of the dilator is visible at the punc-
ture site (Fig. 7.3c). It is important to keep in mind
that the collapsed retention disk has a diameter of
approximately 12 mm. The calibre of the oesopha-
gus should be large enough to capacitate its passage.
The tip of the gastrostomy tube dilator is grasped
and pulled through the anterior abdominal wall.
Care should be taken not to cause damage to teeth
at the time when the retention disk enters the mouth.

Fig.7.2.a A 7-month-old girl with a previous history of con-
genital heart disease. She has oromotor feeding problems
with failure to thrive. The image shows the abdomen in
which a needle is positioned. The colon has been opacified
with contrast medium (courtesy of Dr. B. Connolly, Image
Guided Intervention, Hospital for Sick Children, Toronto,
Canada). b A guidewire has been inserted into the stomach.
Note the T-fastener used to stabilize the wall of the stomach.
c A pigtail drain has been inserted in the stomach (all im-
ages are from Dr. B. Connoloy)

The gastrostomy tube is fixed using the external
stabilizer, which comes with the set. One should
not place too much pressure on the abdominal wall
when fixing the stabilizer, because pressure necrosis
of gastric mucosa can occur. The post-procedural
approach is identical to the ‘push’ technique.

The advantage of the ‘pull’ technique is the use
of fixed retention disks allowing for a lower number
of cases of gastrostomy tube dislodgement. Most
authors state that when the time has arrived to
remove the gastrostomy tube it suffices to cut the
gastrostomy tube and push the retention disk into
the stomach. This way it will leave the patient’s body
via the natural route. However, KAYE et al. (2000a)
describe two complications of this approach and
advocate the retrieval of the retention disk. The pro-
cedure entails passing a snare through the gastros-
tomy tube and a guidewire down the oesophagus,
the guidewire is grasped under fluoroscopy and
pulled out of the stomach via the gastrostomy tube.
A dilatation (PTA) balloon, with a sufficient balloon
diameter, is passed antegrade and inflated when it
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has passed the gastrostomy tube. The PTA balloon
and gastrostomy tube are pulled into the stomach,
where the PTA balloon is inflated further, and both
the PTA balloon and gastrostomy tube are retrieved
via the mouth.

7.5
Gastrojejunostomy

The indications for placement of a gastrojeju-
nostomy tube in children include severe gastro-
oesophageal reflux or gastric emptying abnormali-
ties. A gastrojejunostomy tube is placed coaxially
via a gastrostomy tube. This can be done either
in the same session as the gastrostomy placement
or at a later moment in time. The procedure itself
is relatively simple. A catheter is placed into the

Fig.7.3. a Pull gastrostomy procedure: a guidewire is
grasped by the snare within the stomach (courtesy of Dr.
D.J. Roebuck, Department of radiology, Great Ormond
Street Children’s Hospital, London, UK). b The guidewire
and snare are retrieved through the mouth. The gastros-
tomy tube can be advanced over the guidewire through the
esophagus. ¢ Freka gastrostomy tube (Fresenius, Uppsala,
Sweden)

stomach and directed towards the pylorus. Using a
guidewire the catheter is advanced beyond the liga-
ment of Treitz after which the catheter is exchanged
for a gastrojejunostomy tube (KAYE et al. 2000a;
NORMAN 2001).

The gastrojejunostomy procedure knows virtu-
ally no serious complications, besides those related
to the placement of the gastrostomy tube. Minor
complications consist of leakage of feeding from the
puncture site and dislodgement of the gastrojejunos-
tomy tube. A rare complication has been described
by ConNNOLLY et al. (1998) in five patients in whom
small bowel intussusception was seen around the
gastrojejunostomy tube. We experienced the same
rare complication in the case of a surgically placed
jejunostomy tube (Fig.7.4). Reduction of these
intussusceptions can be achieved by bolus injection
of air or water-soluble contrast medium through the
gastrojejunostomy tube or by exchanging the jeju-
nostomy tube over a guidewire.
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Fig.7.4. A 7-year-old girl with HSAN type II.
A jejunostomy was placed because of feeding
problems. Despite her condition she complained
of cramping abdominal pain. The ultrasound
image shows an ileo-ileal intussusception
around the jejunostomy tube (asterisk). The
abdominal pain was relieved after changing the
jejunostomy catheter

7.6
Cecostomy

In children faecal incontinence encompasses both
encopresis and soiling (D1 LORENZO and BENNINGA
2004). Encopresis is defined as the repeated expul-
sion of a normal bowel movement, whether involun-
tary or intentional in inappropriate places by a child
aged 4 years or over. Soiling is defined as the invol-
untary leakage of small amounts of stool resulting
in staining of underwear. Faecal incontinence is a
serious problem in the paediatric population. In the
USA it is estimated that at least 3 million children
are affected (KayE and TowBIN 2002). Children
with faecal incontinence can be classified into four
main groups: children with functional faecal reten-
tion and overflow soiling; children with functional
non-retentive faecal soiling; children with anorectal
malformations; and children with spinal deformi-
ties. The cecostomy technique described below is
primarily aimed at the last two categories.

To date the most effective therapeutic method is
the use of high volume enema, as this ensures com-

plete evacuation of the colonic tract. This approach
minimizes the risk of unwanted bowel evacuation,
which is not only cumbersome but also humiliat-
ing for both patient as well as carers. The major
disadvantage is the level of acceptance in patients,
especially during puberty. In patients with paresis
or paralysis of limbs it is impossible to perform the
procedure without aid, lowering the level of compli-
ance in this population.

In order to overcome the above mentioned prob-
lems, MALONE et al. (1990) introduced an operation
to perform an antegrade colonic enema (ACE). The
advantage of ACE over retrograde colonic enemas is
that the procedure is cleaner to perform and patients
are more independent as they can more easily per-
form the procedure themselves (MALONE et al.
1990). In this operation MALONE et al. (1990) used
the appendix as a conduit to irrigate the colon (see
also GRAF et al. 1998; GRIFFITHS and MALONE 1995;
SQUIRE et al. 1993). Although the procedure is effec-
tive, well tolerated and the level of acceptance in
patients is high, complications have been described
in a significant number of patients (GRIFFITHS and
MALONE 1995; SQUIRE et al. 1993; EKMARK and
Apams 2000; SEARLES et al. 2000; Cascro et al.
2004). These complications consist of stoma pro-
lapse, stenosis of the fistula, accidental perforation
of the conduit and faecal soiling at the stoma site.
In a retrospective literature study GRAF et al. (1998)
report a prevalence of 27% of necrosis/stenosis of
the stoma, 6.6% catheter leak, 3.7% difficulty in
catheterization, 3% pain with enema administra-
tion and 2.9% wound infection. Besides the surgical
approach, endoscopic approaches to the ACE proce-
dure have also been described (R1VERA et al. 2001).
RIVERA et al. (2001) described their experience with
percutaneous endoscopic cecostomy (PEC) in 13
patients. In one patient the PEC could not be placed
after multiple attempts. In the 12 patients in whom
the PEC could be placed one child died of underlying
disease 9 months after the procedure. The remain-
ing 11 patients have all improved after PEC place-
ment.

In 1996, SHANDLING and CHAIT were the first
to describe a percutaneous approach to cecostomy
placement in 15 patients. In more recent publica-
tions, KAYE et al. (2000a), KAYE and TowBIN (2002)
and CHAIT et al. (2003) describe the percutaneous
ACE procedure in detail. The patient is placed on a
two-day pre-admission fluid diet and Fleet (CB Fleet
CO. Inc., Lynchburg, Va., Canada) phospho-soda
bowel regimen (45 ml on the night before admission
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and a repeat dose on the day of the procedure). The
bowel should be clear of stools. Within 30 minutes
prior to the procedure a single dose of Cefotaxime
20 mg/kg is administered.

Ultrasound is used to identify the liver, right
kidney and bladder, and possibly other masses. The
procedure is quite similar to the ‘push’ gastrostomy
technique. The colon is inflated and after confir-
mation of its location, the cecum is punctured and

C

transfixed using T-fasteners (Fig. 7.5). A stiff guide-
wire isinserted into the ascending colon through the
puncture needle. The puncture site can be dilated
over the guidewire in order to capacitate the place-
ment of an 8-F pigtail catheter. The position of the
catheter is confirmed and secured in place.

After approximately 8 days antegrade enemas
can commence. To prevent clogging of the pigtail,
a daily flush with 10-15 ml of saline is performed.

Fig.7.5.a A 5-and-a-half-year-old boy with bifid spine and faecal incontinence. The image shows an overview of the abdomen
with the cecum outlined in the right lower abdomen (courtesy of Dr. P.G. Chait, Image Guided Intervention, Hospital for
Sick Children, Toronto, Canada). b The caecum has been punctured and the intraluminal position of the needle is confirmed
using contrast medium. ¢ A guidewire is inserted into the caecum along with two T-fasteners. d An 8.5-F pigtail catheter is
placed within the lumen of the caecum. All images are from Dr. P.G. Chait
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After 6-12 weeks the pigtail can be exchanged for a
cecostomy button.

In1997 CHAIT etal. (1997a) presented an improved
cecostomy button that protrudes no more than 1 cm
from the abdominal wall, which constitutes an enor-
mous cosmetic improvement as the button or trap-
door can easily be hidden under garments (Fig. 7.6).

As in all procedures complications have been
described. In one of the largest studies thus far,
CHAIT et al. (1997b) report one case of local cellu-
lites and one case of transient ileus. Minor complica-
tions consist of nausea, constipation, granulation of
the puncture site, soiling and accidental dislodge-
ment of the cecostomy tube. CHAIT et al. (2003)
reported results of their 7-year experience with this
technique, achieving a 100% success rate for the pro-
cedure. The majority of patients (79%) reported that
the number of soiling accidents had decreased and,
additionally, their independence had increased by
being able to perform the antegrade enema them-
selves. In four cases the cecostomy tube had to be
removed twice due to problems with tube mainte-
nance and twice because of aesthetic reasons. The
most impressive result in their study was that 97%
of respondents stated that they would recommend
the procedure to others in the same position (CHAIT
et al. 2003). Another study, on surgical ACE proce-
dures, also reported a high patient satisfaction, with
84% completely continent or soiling less than once a
month (DEY et al. 2003).

The advantage of the percutaneous ACE proce-
dure over the surgical approach is the fact that it can
be performed without general anaesthesia (KAYE

Fig. 7.6. The low-profile Chait Trapdoor (Chait, Cook, Bloom-
ington, IN) catheter has a pigtail configuration for internal
retention (courtesy of Dr. P. Chait, Hospital for Sick Chil-
dren, Toronto, Canada)

and TowBIN 2002; CHAIT et al. 1997, 2003). An addi-
tional advantage is that in case of a surgical ACE
procedure the appendix is used, thus precluding its
use in urinary incontinence, which these patients
also frequently face. A surgical approach using a
cecal flap, thus sparing the appendix, is currently
also in use (SQUIRE et al. 1993; AHN et al. 2004).

7.7
Drainage

7.7.1
Abscesses

Percutaneous abscess drainageis arelatively straight
forward technique with a wide field of indications,
the most common being peri-appendiceal abscesses
and Crohn’s abscesses (NORMAN 2001; HUBBARD
and FELLOwsS 1993; SAFRIT et al. 1987). The aim
of the procedure is either to gain time in order to
reduce surgery related morbidity and to be able to
perform a one-stage operation or to obtain complete
cure. The latter has been described in patients with
Crohn’s disease, making surgery at the time unnec-
essary (SAFRIT et al. 1987). The only contraindica-
tions for percutaneous drainage are uncorrectable
coagulopathy and the inability to approach the col-
lection without transgressing major vessels, bowel
loops, solid organs or the pleural cavity (LANG et
al. 1986). Studies performed in adult patients show
a high success rate of up to 90% and low mortality
rates (LANG et al. 1986).

Depending on the location of the abscess the
intervention can be performed using ultrasound,
sometimes in combination with fluoroscopy or
CT guidance. Ultrasound will be used for larger
and superficial abscesses whereas CT will be used
for smaller and more deeply located collections
(MAHER et al. 2004). In case of multiple abscesses
or loculated abscesses, more than one drain should
be placed ensuring complete drainage of all loca-
tions. In case of deep pelvic abscesses or a perirec-
tal abscess, a transrectal approach can be chosen
(Fig. 7.9), performing abdominal ultrasonography
to visualize the abscess. Under ultrasound guidance
a finger is placed within the rectum up to the level of
the abscess. A trocar is guided upwards along this
finger and the abscess is punctured. With the trocar
in place, a guidewire and subsequently a pigtail can
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be inserted into the abscess. In children this proce-
dure has been reported to be as effective as a percu-
taneous or a surgical approach and better tolerated
(PEREIRA et al. 1996).

Although some radiologists will use the trocar
technique, which encompasses placing a catheter
mounted on a sharp trocar into the abscess, a safer
and more elegant way is the use of the Seldinger
technique (NorMAN 2001). The Seldinger technique
entails puncturing the skin with a thin (22- to 20-G)
or thick (18- to 19-G) needle and placing the tip of
the needle within the collection. When a thin needle
is used one will need to upgrade to a system capable
of accepting a 0.038-in. guidewire. Commercial kits
are available for this purpose, one of which is the
Neff-set (Cook, Bloomington, IN) (Fig. 7.7). Once the
needle is in place, a stiff guidewire is placed within
the collection and a catheter is advanced into the col-
lection. Smaller calibre catheters (7-8.5 F)will only
be used in liquefied collections, whereas thicker,
more viscous collections will require a 12- to 14-F
catheter. In general, self-retaining pigtail catheters
(Cook, Bloomington, IN) will be used, as they have
a lower risk of inadvertent dislocation (Fig. 7.8). We
also always secure the drain to the skin, either by
using a suture or by the supplied retention device.
Decompression of the abscess is generally attained
using a syringe attached to the catheter. Some radi-
ologists advocate flushing the abscess cavity with
saline. However, care should be taken to use less
fluid than was drained, as an increased pressure
within the cavity can result in bacteraemia and

sepsis (GERvaIs et al. 2004). TowBIN et al. (1991)
report the use of contrast medium to identify cath-
eter position and possible connections between the
abscess and surrounding structures.

The drain is attached to a bag and left to drain
by gravity. Ward nurses are supplied with written
instructions from the radiologist responsible for
the intervention on how to care for the catheter. The
drain is removed once the patient’s symptoms have
resolved and no drain production is noted. In the
case of a complex abscess a control study, CT (or in

Fig.7.9. An 8-year-old boy with a perirectal appendiceal
abscess. The image shows the needle positioned, using ul-
trasound guidance, through the posterior rectal wall within
the abscess (courtesy of Dr. L. Fontalva, Hospital for Sick
Children, Toronto, Canada)
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Fig. 7.7. Neff set (Cook, Bloomington, IN)

o il bl

Fig. 7.8. Pigtail catheters (Cook, Bloomington, IN)
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superficial collections, ultrasound) should be per-
formed prior to removal of the drain. In a study by
LANG et al. (1986) in 12 out of 136 patients (8.8%),
premature withdrawal of the catheter resulted in
failure of the intervention.

7.7.2
Biliary System

The need for biliary drainage in children is less fre-
quent than in adults; however, there are a number
of indications for performing a percutaneous tran-
shepatic cholangiogram (PTC) (DIAMENT et al.
1985). The most common indications for PTC is
obstructive jaundice resulting from either a malig-
nancy, most commonly rhabdomyosarcoma of the
bile ducts or pancreas and neuroblastoma, or post
liver transplantation. Cholithiasis is less frequently
a causative agent (LORENZ et al. 2001; RoEBUCK and
STANLEY 2000; ROSE et al. 2001). Cholangitis, which
is a relatively common indication for PTC in adults,
is rarely seen in children.

As in all percutaneous procedures, an uncorrect-
able coagulopathy is a definite contraindication for
PTC.In children the procedure should be performed
under general anaesthesia. Access to the biliary tree

is gained by needle puncture; this can be done using
fluoroscopy guidance, ultrasonography or a combi-
nation of both. We routinely use ultrasonography to
access the biliary tree after which a small amount
of contrast is injected to confirm appropriate place-
ment of a 22-gauge needle. This stage of the proce-
dure is usually performed using a Neff set (Cook,
Bloomington, IN), thus reducing the risk of bile spill
into the abdominal cavity. Using a guidewire the
sheath is exchanged for a 6- or 8-F catheter. At this
stage in the procedure one can either choose exter-
nal biliary drainage or internal-external biliary
drainage (Fig. 7.10) (RoEBUCK and STANLEY 2000).
In the latter a modified pigtail catheter is used: the
modification consists of the presence of additional
holes in the catheter along the intrahepatic tract of
the catheter. The decision to perform external bili-
ary drainage or internal-external biliary drainage is
dependent on the findings of the cholangiogram. If
passage into the duodenum is deemed possible, one
should choose internal-external biliary drainage. If
it is not possible in the first procedure it may be pos-
sible to convert external biliary drainage into inter-
nal-external biliary drainage at a later stage.

The advantage of internal-external biliary drain-
age over external biliary drainage is first of all that
it re-establishes the flow of bile into the duodenum,

Fig.7.10. a A 4-year-old boy with jaundice. The medical history of the boy revealed a neuroblastoma for which *'I-MIBG
therapy was given. Magnetic resonance cholangiopancreatography (MRCP) coronal thin slice (TR 1837 ms, TE 249.2 ms,
slice thickness 3 mm, flip angle 90°) shows clear dilatation of the intrahepatic bile ducts (arrows) and no visualization of
the common bile duct. b Percutaneous transhepatic cholangiography in the same patient. Access route was via the left liver
lobe, with dilatation of the left intrahepatic bile ducts (curved arrow). There is no passage of contrast to the right side of the
gall tree or the duodenum. An 8.5-F pigtail drain (arrow) was placed and satisfactory extra biliary drainage was obtained.
A second stage elective hepatico-jejunostomy was successfully performed several weeks later
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thus enhancing the absorption of dietary fats. An
additional advantage is that positioning of the cath-
eter into the duodenum increases catheter stability,
which of course is advantageous in smaller children.

PTC is not only used for catheter drainage but it
also allows for dilatation of strictures of the biliary
tree, which in children is mostly in cases of bili-
ary-enteric anastomoses (SzZE and EsQUIVEL 2002).
The advantage of balloon dilatation of strictures is
the relatively minimal invasive approach and that,
if dilatation fails, surgical options remain viable.
LoRENZ et al. (2005) reported their experience in 19
children over a 7-year period. In their study, 58% of
patients showed a patent biliary-enteric anastomo-
sis after 1 year (continued patency ranged from 1.4
to 5.4 years, mean patency 3.6 years).

Complications of PTC can be mild, such as hae-
mobilia, pancreatitis, and bacteraemia, or severe,
such as haemoperitoneum and sepsis (LORENZ et al.
2001). However, there is insufficient data to calculate
the risk of the procedure in children.
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If it is difficult to identify the bile duct, as can
be the case in very young children, an alternative
approach is to drain the biliary system via the gall-
bladder. This can of course only be done in cases of
a distal obstruction (Fig. 7.11).

Another approach to the treatment of biliary
obstructive jaundice is the use of endoscopic ante-
grade cholangiography (ERC). The main advantage
of PTC over ERC is that it is a percutaneous tech-
nique that allows for easier access to the catheter
in case of obstruction or infection. Secondly, PTC
will be successful in cases of complete obstruction
of the common bile duct because then external bili-
ary drainage can be performed. Finally, ERC has a
higher number of complications, such as pancre-
atitis and perforation, especially when the operator
does not do the procedure on a regular basis. This is
even more the case in children where special scopes
are needed to perform a successful ERC. This proce-
dure will therefore only be performed in specialized
centres. The advantage of ERC over PTC lies mainly

Fig. 7.11. a A 3-week-old boy with a history of urethral valves
and obstructive ureters (diagnosed on prenatal ultrasound).
Post-urological intervention (placement of bilateral sober
stomata) the baby developed progressive jaundice. The ul-
trasound exam reveals dilation of the intrahepatic bile ducts
and the common bile duct (CBD), which could be visualized
into the pancreatic head. The gallbladder was also dilated.
b Biliary drainage via the dilated bile duct. The oblique-
coronal image shows an Amplatz guidewire (arrow) placed
within the gallbladder (asterisk). c Post-intervention fluoros-
copy image shows the dilated intrahepatic bile ducts (arrow),
gallbladder (asterisk) and the dilated common bile duct
(curved arrow). The latter is blind ended at the level of the
pancreatic head. At surgery a choledochal cyst was found
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in treating cholelithiasis induced jaundice, as stone
removal using a dormia basket and sphincterotomy
can be performed (GUELRUD et al. 1992).

7.8
Transjugular Intrahepatic Portosystemic
Shunt (TIPS)

Portal hypertension is a relatively rare disorder in
childhood compared to adults, where the majority
of cases are caused by alcohol abuse (in western
parts of the world), and viral hepatitis and cir-
rhosis (in Africa and Asia). In children the cause
of portal hypertension lies in extra-hepatic bili-
ary atresia, portal vein thrombosis, hepatitis and
toxic liver injury (CwIKIEL 2002; CWIKIEL et al.
2003; HUPPERT et al. 1998). Clinical manifestations
of portal hypertension consist of ascites produc-
tion and the development of oesophageal varices.
Oesophageal varices have a tendency to bleed and
this can cause a life-threatening situation. The first
line of treatment is repeated paracentesis for the
reduction of ascites and endoscopic sclerotherapy
or rubber banding for oesophageal variceal haem-
orrhage. In case of repeated haemorrhage from
oesophageal varices, shunting of blood away from
the portal system thereby reducing the pressure in
the collateral vessels, is necessary. Initially porto-
systemic shunts consisted of surgical spleno-renal,
porto-caval or meso-caval shunts. These surgical
procedures however, carry a high morbidity and
mortality rate. As far back as 1969, RoscH et al.
suggested creating an intrahepatic shunt. However,
it was not until the development of endovascular
stents that this gained momentum (ROscH et al.
1969). In 1994, The United States National Digestive
Diseases Advisory Board established the following
clinical indications for Tips: first, acute variceal
bleeding that cannot be successfully controlled
with medical treatment, including sclerotherapy.
Second, recurrent and refractory variceal bleed-
ing or recurrent variceal bleeding in patients who
cannot tolerate conventional medical treatment,
including sclerotherapy and pharmacologic ther-
apy (SHIFFMAN et al. 1995). There are also some
indications for which there is no scientific proof of
the effectiveness of TIPS. These consist of medi-
cally refractory ascites, refractory hepatic hydro-
thorax, Budd-Chiari syndrome, veno-occlusive

disease, hepatorenal syndrome and hypersplenism
(HEYMAN et al. 1997). To date there is no indication
that TIPS is useful in preventing variceal haem-
orrhage in patients who are awaiting liver trans-
plantation. Its use for initial prevention of variceal
haemorrhage is also discouraged.

There are several contraindications for TIPS:
absolute contraindications consist of right-sided
heart failure with elevated central venous pressure,
polycystic liver disease, and severe hepatic failure
(SHIFFMAN et al. 1995). The latter contraindication
is based on the fact that the TIPS shunts blood away
from theliver, thus further compromisingliver func-
tion. Relative contraindications consist of active or
systemic infection, as TIPS makes use of a foreign
device that could act as a colonization site for bacte-
ria, severe hepatic encephalopathy poorly controlled
by medical therapy and portal vein thrombosis.

Due to the nature of the procedure TIPS will
always be performed under general anaesthesia.
The right jugular vein is punctured and a sheath is
inserted. A catheter and a guidewire are advanced
into the inferior caval vein and from there into pref-
erably the middle or else the left hepatic vein. A spe-
cial TIPS stainless steel angled catheter is exchanged
over the guidewire and positioned in the middle
or left hepatic vein. Under ultrasonic guidance or
a wedged venogram an intrahepatic portal vein is
punctured transhepatically using a special needle.
Performing TIPS requires a thorough knowledge of
the venous hepatic anatomy and its variations. After
confirmation of intrahepatic portal venous posi-
tion by use of contrast medium, a needle catheter
is passed into the portal vein. When intrahepatic
portal veinlocation is proven, the parenchymal tract
is dilated and lined with a stent (Fig. 7.12). A TIPS is
considered to be successful if the pressure gradient
is less than 15 mm Hg. Care should be taken in plac-
ing the stent. It should not protrude into the inferior
caval vein, since most children will at some point in
time require a liver transplant. A stent placed into
the inferior caval vein can complicate transplanta-
tion surgery.

TIPS has been shown to be a safe and effective
treatment for portal hypertension and compared to
endoscopic sclerotherapy it has proven to be a more
effective and safer technique (GARCIA-VILLARREAL
et al. 1999). In primary cases endoscopic band liga-
tion has shown to be as effective as TIPS in a ran-
domized control study (POMIER-LAYRARGUES et al.
2001). In a long term follow up study in adult TIPS
patients, rates of rebleed from oesophageal vari-
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ces after 1, 2 and 5 years were 21%, 21% and 27%,
respectively (TER BORG et al. 2004).

A major concern of TIPS has been the development
ofencephalopathy.Inastudyby POMIER-LAYRARGUES
et al. (2001), 47% of the TIPS patients developed
encephalopathy versus 44% in the endoscopic band
ligation population; however, this difference was not
significant. Of note is that encephalopathy does occur
less frequent in children than in adults, although
there is no clear reason for this observed difference
in risk (HEYMAN and LABERGE 1999).

As with all interventional procedures, TIPS has
its complications. The main complication is proce-
dure-related mortality, which has been reported to

Fig.7.12. a A 9.6-year-old boy with a split liver trans-
plantation (segments II and III). The patient was ad-
mitted to the paediatric intensive care because of
severe haematemesis. The fluoroscopy image shows
the TIPS catheter (arrow) placed within the portal
vein. Multiple collateral vessels are shown (curved
arrow). b After dilation of the puncture tract, two
self-expandable stents (Smart diameter 9 mm.,
Cordis, Johnson & Johnson Medical N.V., Belgium)
were placed. Angiography shows that the collaterals
have collapsed and that the primary flow direction is
through the TIPS. ¢ Measurements of intravascular
pressures shows the gradient to be 8 mm Hg, well
below the threshold level of 15 mm Hg

be 2% (FREEDMAN et al. 1993). The 30-day mortal-
ity of emergency surgical shunts ranges from 40%-
100% compared to 7%-45% for TIPS (HEYMAN et
al. 1997). In TIPS the majority of cases of mortal-
ity and morbidity are related to severity of disease,
with death occurring in those with the worst Child-
Pugh classification. Complications related to the
TIPS itself are shunt occlusion and stenosis. Intimal
hyperplasia is the most common cause of stenosis
and subsequent occlusion, although the use of cov-
ered stents should largely overcome this problem.
In case of stenosis, restenting or balloon dilatation
will, for the majority, successfully solve the problem
(HEYMAN et al. 1997).




236

R. R. van Rijn and J. S. Laméris

In adults the initial technical success rate of TIPS
is reported to be over 95%. A Dutch study on long
term outcome of TIPS in adult patients showed that
the risk of definitive loss of shunt function was 17%
at 5 years follow up (TER BORG et al. 2004). HEYMAN
et al. (1999) presented literature data on 40 paedi-
atric TIPS procedures. In this overview, six (6.6%)
complications were found, and although patency
was not assessed, the longest follow-up was over
800 days.

7.9
Biopsy

The use and effectiveness of image guided percu-
taneous biopsy, either by fine needle aspiration
(FNA) or core needle biopsy (CNB), has been well
documented in adult radiology. In children there
seems to be some reluctance amongst clinicians
and pathologists to use this technique and therefore
surgical excision biopsies are frequently obtained.
The obvious advantage of percutaneous over surgi-
cal excision biopsies is that it can be done under
local anaesthesia and mild sedation, although in
some cases deep sedation will still be necessary. In
the adult population percutaneous biopsies of soft
tissue masses have almost completely replaced sur-
gical excision biopsies. Indications for performing
a biopsy are obtaining pathologic information on
a mass which can modify patient treatment, con-
firmation of metastases or in case of diagnosis of
hepatic disease (NoRMAN 2001; HOFFER 1997).

The advantage of CNB over FNA is the fact thata
larger specimen is obtained which makes it possible
to perform histological studies, showing not only the
absence or presence of malignant cells but also the
architectural composition of the mass (CHEUNG et
al. 2000). Therefore, whenever possible, CNB should
be the biopsy method of choice (Fig. 7.13). The rela-
tive drawback of CNB over FNA is that it is some-
what more invasive. An advantage of FNA is that the
procedure is relatively easy to perform and that the
material can be screened on-site. In our clinic we
always have a pathologist in the room for immediate
assessment of the quality of the aspirated material.
The choice for FNA depends largely on the avail-
ability of an experienced cytologist and the type
of lesion to be biopsied. In particular, more deeply
located lesions, such as pancreatic lesions, will be

Fig. 7.13. A 1l-year-old boy with a solid tumour arising from
the adrenal gland. Biopsy was performed to confirm the
diagnosis of neuroblastoma and to obtain specimen for ge-
netic marker studies. The biopsy was done using freehand
technique, the arrow delineates the biopsy needle. S, spleen;
M, mass

more approachable for FNA than CNB, for example
using a transgastric approach.

For CNB one can choose for either a cutting-edge
or so called ‘tru-cut’ needle with or without an auto-
mated biopsy device. Numerous variants of both
devices are on the market, with personal experience
usually guiding the choice for a specific device. The
same applies for the use of a biopsy adaptor attached
to the head of the ultrasound probe, which guides
the needle, or the use of freehand technique. When
the biopsy adaptor is used the needle follows the
path that is overlain over the ultrasound image by
special biopsy software, thus allowing for a highly
accurate biopsy. A much-used technique is work-
ing coaxially. A needle is advanced into or near to
the lesion, the biopsy needle is inserted and biop-
sies are taken. Using this technique multiple passes
are easily possible with a low risk of spill and thus
avoiding potential complications of the procedure.
A second advantage is that due to the coaxial needle
configuration haemostatic material can be depos-
ited into the needle tract. This has been reported to
be a very effective technique for reducing the risk
of CNB-induced haemorrhage, especially in liver
lesions (KAYE and TowBIN 2002; HOFFER 2000).

Several studies into the effectiveness of FNA and
CNB in children have been published (CHEUNG et
al. 2000; HorFrER 2000; Guo et al. 2002; LIEBERMAN
et al. 2003; MuraAca et al. 2001; NoBILI et al. 2003;
SAARINEN et al. 1991; SCHEIMANN et al. 2000;




Radiological Gastrointestinal Interventions in Childhood: A Review

237

d

Fig.7.14. a A 17-year-old boy who was involved in a motor vehicle accident. At presentation at the emergency department,
ultrasound imaging showed free fluid surrounding the left kidney. Computed tomography revealed a left renal laceration.
The ensuing selective renal angiography (arrow denotes the angiography catheter) clearly demonstrates contrast extrava-
sation (curved arrow). b After embolization with multiple coils no contrast extravasation was seen thus preserving renal

function

SKLAIR-LEVY et al. 2001; Yu et al. 2001; ROEBUCK
2004). The diagnostic yield ranged from 83% to
100%. The rate of complications depends largely on
the biopsy site, with the highest number of compli-
cations found in hepatic biopsies (up to 14% post-
procedural haemorrhage).

Although one would expect a significant differ-
ence in complication rates of blind versus image
guided biopsies, relatively few studies have been
performed to demonstrate this. NoBILI et al. (2003)
reported a retrospective analysis on 140 biopsies (64
blind versus 76 ultrasound guided), in which 95%
of the blind biopsies and 100% of the ultrasound
guided biopsies were of diagnostic quality. More-
over, in the blind biopsy population three patients
developed significant haemorrhage versus none in
the ultrasound guided population.

A special approach to biopsies is that for liver
biopsy in children with a coagulopathy or a signifi-
cant amount of ascites. If in this category of patients
a liver biopsy is needed, a transjugular approach
should be used. The right jugular vein is punctured
under ultrasound guidance. Using guidewires and
catheters the middle or right hepatic vein is catheter-
ised. Subsequently a stainless steel trocar is placed
over the guidewire. Up to this stage the procedure
is in effect identical to TIPS. Using a spring-loaded
transjugular biopsy needle biopsies of hepatic tissue

can be obtained. Drawbacks of the transjugular
approach are the use of a more invasive technique,
higher costs and smaller (18 gauge) histological sam-
ples (KaYE and TowBIN 2002; KAYE et al. 2000b). In
a large retrospective study in adults by SMITH et al.
(2003) tissue diagnosis was possible in 98% of cases
using a 18 gauge biopsy needle (Quick-Core, Cook,
Bloomington, IN) (SMITH et al. 2003). There was an
overall 2.4% complication rate; one patient died as
a result of haemorrhage; however, in this case the
family’s request to withhold invasive treatment was
honoured.

7.10
Abdominal Trauma

Interventional radiology has evolved into a 24/7 ser-
vice and as such it has acquired a role in the field
of emergency medicine. Classically, angiography in
the trauma setting was used to identify the site of
haemorrhage in order to direct subsequent surgi-
cal approach. However, due to rapidly progressing
technical innovations transcatheter therapeutic
options have become available (KusHimoTo et al.
2003; TowBIN 1989).
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Patients involved in motor vehicle accidents, for
example, are likely to have severe intra-abdominal
pathology with consequent haemorrhage. These
patients can become caught up in the cycle of coagu-
lopathy, acidosis and hypothermia (KusHIiMOTO et
al. 2003). The first priority in these patients is to con-
trol haemorrhage, for which transcatheter arterial
embolization (TAE) has been shown to be rapid and
highly effective (CHRISTENSEN 2001; KUSHIMOTO et
al. 2003). In abdominal trauma four sites, the pelvis,
liver, spleen and kidneys, are of main importance in
controlling haemorrhage.

Pelvic injuries accompanied by haemorrhage are
associated with high mortality rates. Unfortunately,
surgical exploration is hindered by the often-asso-
ciated haematoma and the surgical procedure itself
can release the tamponade effect of the haematoma
leading to a subsequent increase in haemorrhage.
TAE results in control in 90% of cases of pelvic
haemorrhage in trauma patients.

Due to the dual blood supply to the liver, patients
with blunthepaticinjuries (BHI) areideal candidates
for TAE, with success percentages of TAE reported
to be as high as 98%. Complication rates of hepatic
TAE are low, although one must keep in mind that
necrosis can occur if portal venous supply is also
disrupted due to trauma. In a retrospective study of
21 paediatric trauma patients with BHI, 18 patients
could be managed conservatively, two of whom suc-
cessfully underwent TAE in order to stop haemor-
rhage (OHTSUKA et al. 2003).

In splenic trauma, with a life-long increased risk
of sepsis after splenectomy, non-operative treat-
ment is the management of choice. In several stud-
ies the efficacy of TAE has been shown to be over
90% (HAGIWARA et al. 1996). Embolization of the
splenic artery, distal to the pancreatic artery, leads
to splenic preservation resulting from collateriza-
tion by pancreatic and gastric branches.

The majority of renal injuries are a result of blunt
abdominal trauma. In severe blunt renal injury con-
troversy exists on treatment, with some advocating
surgical exploration, accompanied with a signifi-
cant increase in nephrectomy rates, whereas others
advocate conservative treatment. Selective TAE has
a high success rate without significant complica-
tions; post-procedural hypertension can occur but is
generally temporary in nature.

TAEisachieved by using co-axial micro-catheters
in order to be able to achieve selective embolization.
Most radiologists will use either coils (permanent)
or gelfoam (temporary) to embolize vessels. The

advantage of coils is their relative ease of use and the
capacity to be placed accurately. Gelfoam has only
a temporary effect, lasting up to 3 weeks, and can
be used in cases where haemostasis will normalize
within this time frame. Other embolization materi-
als, such as poly-vinyl-alcohol particles and bovine
collagen are not normally used for this specific indi-
cation.

711
Conclusion

The aim of this review was to highlight the increas-
ing importance of image guided interventions in
children. The ever increasing capabilities of inter-
ventional radiology combined with the increasing
awareness amongst paediatricians and paediatric
surgeons will lead to an increase in the number and
level of image guided interventions in the future.
In addition, we strove to convey clearly that only
close cooperation between attending paediatrician,
paediatric surgeon, paediatric radiologist, interven-
tional radiologist and, whenever necessary, paediat-
ric anaesthesiologist is mandatory for a successful
image guided intervention program.
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A

abdomen

—airless 13,21

- fluoroscopy 111

- gasless 7

-X-ray 111

abdominal

- trauma 237

- tuberculosis 188
abscess 230

- Seldinger technique 231
—trocar 231

absent gallbladder 135
accessory duct (Santorini) 155
accordion sign 61

ACE, see antegrade colonic enema
acetylcholinesterase 204
achalasia 85,94

acid ingestion 100
acidosis 238

acquired

- gastric disorders 118
—ileus 181

acute abdomen 35

- causes 35

acute pancreatitis 67,68
acute terminal ileitis 61
adenocarcinom 127
adnexal torsion 70

ADPKD, see autosomal dominant polycystic kidney disease

aganglionosis 16,23,204
agenesis of the pancreas 157
AIDS-HIV 150

air enema 43,44,201
air-distended loop 16
air-filled esophagus 83
air(gas)less 7, 13,21

airless abdomen 13,21
ALARA principle 167

alkali ingestion 100, 101
amebiasis 154

amebic liver abscess 154
ampulla of Vater 2,4,118,156
analgesia 221

anaphylactoid purpura, see also Schénlein-Henoch purpura 62

anastomotic leak 89

annular pancreas 4-6,156,172
anorectal anomaly 210

- imaging 211

- Wingspread classification 210

anorectal malformation 15

antegrade colonic enema (ACE) 228

antral

- atresia 2

- atrophic gastritis 119

antropyloric mucosa 2

anxiolysis 222

APC gene 126

appendectomy 46, 55

appendicitis 36,46, 193

- abscess 52

-acute 195

- evolutive patterns 50

- graded compression sonography 194

- imaging 47

- obstructive 48

- perforated 53,54, 66

- phlegmon 52

- two-ring-pattern 53

appendicolith 36,347

appendix

- cul-de-sac anatomy 46

- inflammation 48

- one-ring pattern 51

- retrocecal 51,196

- with lymphatic hyperplasia 47

apple-peel mesentery (Christmas tree mesentery) 12,14

ascites 31,66

aspiration pneumonia 89

asplenia 114

asthma 95

atresia 86,114,170

- antral 2

- apple-peel type 14

- duodenal 4

- of the jejunum 11-13,16

- pyloric 2

Auerbach’s plexus 23

autosomal dominant polycystic kidney disease (ADPKD)
139-141

AXR, see plain abdominal radiograph

bacterial infection 152

balloon

- catheter 24,223

- dilatation 101,102,224

- inflation 18

Bannayana-Riley-Ruvalcaba syndrome 126




244  Ssubject Index

barium 16, 84 Cefotaxime 229

-bag 43 celiac disease 184

-enema 40,41,43,44 central foveolar hyperplasia 2

- esophagram 93 CGDC, see chronic granulomatous disease of childhood
- - gastroesophageal reflux (GER) 96 champagne sign 31

- modified swallow 84 chemical

- reflux 96 - esophagitis 121

- suspension 82 - gastritis 121

B-cell Chlamydia trachomatis infection 71

- Burkitt lymphoma 182 chloral hydrate 222

- lymphoma 126,128

beak sign 119

Beckwith-Wiedemann syndrome 145,157,161
bezoars 56,124

BHI, see blunt hepatic injury

bile duct 144

- dilatation 150

biliary

cholangitis 232

cholecystitis 66

choledochal cyst 66, 67,135,137

- classification 139

- dilatation 138

- excision 139

choledocholithiasis 67

_ atresia 134 cholestasis 135,137

_ drainage 232 cholithiasis 232

_ lithiasis 66 chronic granulomatous disease of childhood (CGDC) 122

- malformation 135 cirrhosis 234

— microhamartoma (BMH) 140 closed loop obstruction 56
bilious emesis/vomiting 7,11 CMYV, see cytomegalovirus
bilirubin 134 CNB, see core needle biopsy
bilirubinemia 134 coagulopathy 238

bird’s beak 98 coiled spring sign 40

blunt hepatic injury (BHI) 238 COL7A1 gene 104

BMH, see biliary microhamartoma colon/colonic

botulinum toxin 97 - aganglionosis 27

bougie dilatation see bougienage 102 - agenesis 208

bougienage 224 - atresia 14,23,24,208,209
bowel - duplication cyst 208,209

- double-bubble sign 170 - functional immaturity 207
- infarction 36 - obstruction 23

-loop 56 — stenosis 208,209

- - coffee bean configuration 57 —volvulus 215

- necrosis. 170 colonoscopy 217

- obstruction 42 common bile duct (CBD) 233

- opacification 54

- perforation 169

bronchopulmonary foregut malformation 91
bull’s eye appearance 157

Burkitt lymphoma 183

button battery ingestion 98

congenital

- gastric disorders 112

- stenosis 14

constipation 203

- imaging 205

continuous positive airway pressure (CPAP) 82,87
core needle biopsy (CNB) 236

C Cowden disease 126

CPAP, see continuous positive airway pressure

Campylobacter 61 crescent and doughnut sign 39, 199,200

Candida 153,154,214 cricopharyngeal achalasia 85

- esophagitis 105 cricopharyngeus muscle 82

candidiasis 153 Crohn disease 56,61, 62,124,125,185,189,216
Caroli disease 66,137 - imaging findings 217

Castleman syndrome 129 Crohn abscess 230

catheter drainage 233 Cronkhite-Canada syndrome 126

caudal regression syndrome 211 Cryptosporidium 121

caustic ingestion 100,121,122 Currarino triad 211

—acids 100 cystic fibrosis (CF) 16,18,22,15,105, 157,159,186
- alkali granules 100 - transmembrane regulator (CFTR) gene 187
CBD, see common bile duct cytomegalovirus (CMV) 105,121,214

cecostomy 228 cytomegalovirus (CMV) 150
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D

defecography 207
diaphragmatic hernia 114,116

DIOS, see distal intestinal obstruction syndrome

distal

- intestinal obstruction syndrome (DIOS) 187

- rectosigmoid colon 28

- small bowel obstruction 16
double track/string sign 119
double-aortic arch 94
double-bubble appearance/image 4,112
Down syndrome 204

drainage 230

duct

- of Wirsung 155

- paucity syndrome 134
Duhamel procedure 204
duodenal

— atresia 4,5

- diaphragm 172

- hematoma 130

- obstruction 7,170

- — double bubble image 4,7

- stenosis 6,7,170

- web 6,172

duodenum 110

- complete obstruction 4

- corkscrew appearance 8

- malrotation 10

- - z-shape 10

- non-communicating duplication cysts 178
- windsock appearance 172
duplication cyst 6, 178,208,209
dysphagia 84,90, 93,97
dysplasia of the pancreas 157
dysuria 71

EA, see esophageal atresia

Echinococcus granulosus 153

ectopic

- gastric mucosa 58,115,117

- pancreas 157

electrolyte imbalance 2

encephalopathy 235

encopresis 203,228

endocrine pancreatic neoplasia 162
endometritis 73

endoscopic

- antegrade cholangiography (ERC) 233
- retrograde cholangiopancreatography 137
enema therapy 43

Entamoeba histolytica 154

enteritis 60,179

Enterobacter 214

enteroclysis 177,186

enterocolitis 25

eosinophilic gastritis 122,123
epidermolysis bullosa 104,114,223
- dystrophica 104

- lethalis 2

epiploic

- appendagitis 63,65

- appendix 65

Epstein-Barr virus 150

ERC, endoscopic antegrade cholangiography
Escherichia coli 214
esophagitis 104,223

- candida 105

- chemical 121

- inflammatory 105
esophagram 89,223
esophagus/esophageal (oesophagus/oesophageal)
- air-filled 83

- anatomy 82

- atresia (EA) 86-87,112

- bronchus 91,93

- congenital anomalies 86
-cyst 91

- development 81

- duplication 91

- - cysts 92

- dysmotility syndrome 23

- perforation 102,103

- sphincter 82

- stenosis 90,114

- - congenital 90

- stricture 89,101,102,223

- - balloon dilatation 103

- varices 105,129

ethanol 140

F

fallopian tube 71

familial adenomatous polyposis syndrome (FAPS) 126,145
familial polyposis coli 126

FAPS, see familial adenomatous polyposis syndrome
fecal incontinence 229

Fentanyl 222

fibrin 70

fine needle aspiration (FNA) 236

fluoroscopic air enema 201

FNA, see fine needle aspiration

FNH, see focal nodular hyperplasia

focal nodular hyperplasia (FNH) 142, 146

Foley catheter 99

- removal 100

football sign 29

foreign body ingestion 98,125

Frantz tumor 161

fungal infection of the liver 153

furosemide 70

gallbladder 110,134
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Subject Index

G

Gardner syndrome 126, 128,145,182
gasless abdomen 7

gastric

- adenocarcinoma 119,127

- disorders 112

- diverticulum 113

- duplication cyst 113

- gastrointestinal stromal tumor (GIST) 126
- inflammatory pseudotumor 129

- lymphoma 119,126,127

- mucosa

- - ectopic 58,115,117

- - heterotopic 58

- outlet obstruction 2

- - prostaglandin therapy-induced 3
- perforation 124

- polyp 126

- teratoma 129

- ulcer 120

- voluvulus 115

gastritis 121

- chemical 121

- eosinophilic 122,123

gastrocolic fistula 130
gastroenteritis 58, 60, 61
gastroesophageal reflux (GER) 84-86, 89,95
- barium esophagram 96

- disease (GERD) 95

gastrografin 7,16, 18,19, 83
gastrointestinal emergency 35
gastrointestinal tract 110

- beak sign 119

- congenital anomaly 1

- cross-sectional imaging 112

- double track/string sign 119

- perforation 174

- scintigraphy 112

- shoulder sign 119

- string sign 119

- ultrasound (US) 112

gastrojejunal fistula 130
gastrojejunostomy 225,227
gastrostomy 96, 129,225

- antegrade/pull technique 225,226
- retrograde/push technique 225,226
genital tract obstruction 73

GER, see gastroesophageal reflux
GERD, see gastroesophageal reflux disease

GIST, see gastric gastrointestinal stromal tumor

glycogen storage disease 145

H

hamartomatous polyposis syndrome 126
hayfork sign 39

HCC, see hepatocellular carcinoma
Helicobacter pylori 119,120,126

Heller myotomy 97
hemangioendothelioma 140

hemangioma 140, 142
hematemesis 124

hematochezia 36,46

hemolytic uremic syndrome 163
hemoperitoneum 233
hemorrhage 142

hemosiderin 142

hemosiderosis 158
Henoch-Schonlein purpura 189,191
hepaticoenterostomy 139
hepatitis 66,134, 150, 152
hepatoblastoma 140, 145, 147, 148
hepatocellular carcinoma (HCC) 140, 148
hepatocytes 144

hepatomegaly 133

herpes 105,150

heterotaxy syndrome 135
heterotopic gastric mucosa 58
hiatal hernia 94

hidden appendix 196

high small bowel obstruction 11

Hirschsprung disease 14,23, 25,26, 118, 204, 206, 208

- imaging 205

HPS, see hypertrophic pyloric stenosis
H-type fistula 89

Hunt-Lawrence pouch 114

hydatid cyst 153,154

hydrocolpos 73

hydronephrosis 211

hydrosalpinx 71

hydrostatic enema 43

hydroureter 211

hyperemia 53

hyperganglionosis 204
hyperperistalsis 60,61

hyperplasia of cholinergic nerve fibers 204
hypertrophic pyloric stenosis (HPS) 118
hypervascular metastatic tumor 150
hypoalbuminemia 66,123
hypoganglionosis 204,206
hypoglycemia 25

hypoperistalsis 61

hypoplasia of the pancreas 157
hypothermia 238

hypothyroidism 25,169

IBD, see inflammatory bowel disease
idiopathic neonatal hepatitis 137
ileal

— atresia 14,17

- duplication cyst 174

- obstruction 172

ileitis 61

ileocecal syndrome 214

ileocecitis 61,62

ileocolitis 61

immature myenteric plexus ganglia 25
incarcerated hernia 56,57

infantile
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- hemangioendothelioma 140, 143
- hemangioma 140

infectious

- esophagitis 104

- gastritis 121

inflammatory

- bowel disease (IBD) 61,216
- esophagitis 105

intestinal

- lymphangiectasia 184

— malrotation 4,171

- — whirlpool sign 171

- obstruction 1

- — dilated loops 2

- pseudo-obstruction 204,206
- tuberculosis 190
intraperitoneal cyst 179
intrathoracic stomach 94
intussusception 36, 38,55, 58,183, 187,194,197,199
- coiled spring sign 40

- crescent and doughnut sign 39, 199, 200
- delayed repeat enema 202

- fluoroscopic air enema 201
- hydrostatic reduction 202

- meniscus sign 37,40

- non-operative reduction 201
- of the small bowel 180

- plain radiography 36

- target sign 37

- treatment 42

islet cell tumor 162

J

jaundice 134

jejunal obstruction 172
jejunum

- atresia 11-13,16

- malrotation 10

- - z-shape 10

- stenosis 11

juvenile polyposis 125,126

K

Kasabach-meritT syndrome 140

Kasai hepatic portoenterostomy 135
Klebsiella 214

Klippel-Trenaunay-Weber syndrome 182
Kupffer cells 144

lactobezoar 124

L

Ladd’s bands 6,7,9

lanryngeal penetration 85
ligament of Treitz 110,112,171, 185
ligamentum arteriosum 93
lithiasis 69

liver 133

- amebic abscess 154

- failure 66

- fungal infections 153

- malignant neoplasms 140

- mesenchymal hamartoma 142
- parenchyma 110

- polycystic disease 139

- pyogenic abscess 152

- sulfur-colloid scintigraphy 145
- transplantation 135, 140
loopogram 213

low intestinal obstruction 2,4
lung volume estimation 93
lymphadenitis 63
lymphadenopathy 63
lymphangiectasia 184
lymphoid hyperplasia 215
lymphoma 85, 150

macroglossia 85

Mag 3 renogram 70

magnetic resonance cholangiopancreaticography (MRCP)
133,139

malaria 154

malfixation of the mesentery 6

malrotation 6

MALT, see mucosa-associated lymphoid tissue

Marfan syndrome 95

MCU, see micturating cystogram

Meckel diverticulum 56,58,117,157,177

- intestinal obstruction 59

meconium 1,15

- chewing-gum-like 16

- ileus 16,18-20,173,187,188

- ileus-like syndrome 175,176

- peritonitis 14, 16,19-21, 23,173

- - snowstorm appearance 22

- plug syndrome 15,25,28,207

- pseudocyst 22

- soap bubble 25

megacystis-microcolon-malrotation-intestinal-hypoperistal-
sis syndrome (MMMIHS) 174

megaesophagus 114

Meissner plexus 23

melena 124

Ménétrier disease 121,122

meniscus sign 37,40

mesenchymal hamartoma of the liver (MHL) 142,144

- Swiss cheese appearance 142

mesenteric

- adenitis 55

- lymphadenitis 63, 64

mesentericoaxial volvulus 116

MHL, see mesenchymal hamartoma of the liver

microcolon 14-16,23

microgastria 113

micrognathia 85

micturating cystogram (MCU) 211,213
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Subject Index

midazolam 223

midgut volvulus 4, 6-8, 56,5810

- whirlpool sign 11

milk curd syndrome 175

MMMIHS, see megacystis-microcolon-malrotation-intesti-
nal-hypoperistalsis syndrome

Morbus Crohn, see Crohn’s disease

mouth-to-anus image 125

MRCP, see magnetic resonance cholangiopancreaticography

mucosa 29

mucosa-associated lymphoid tissue (MALT) 126

multiple dilated loops 14

Murphy’s sign 66

muscularis

- externa 111

- mucosae 82

Mycobacterium tuberculosis 66

nasogastric tube 4,225
nasopharyngeal incoordination 85
nasopharynx 84

necrotizing enterocolitis (NEC) 2,29, 30, 33,207, 208,216
- pneumoperitoneum 31

Neff set 231

Neisseria gonorrhea infection 71
Nembutal 222

neonatal

- intestinal obstruction 1

- jaundice 134,137

nephrotic syndrome 66
nesidioblastosis 162
neuroblastoma 91,150,232
neurocristopathy 23

neurofibroma 182

neutropenic colitis 214

Nissen fundoplication 124,130
nitric oxide synthase 118
non-Hodgkin lymphoma 126,182

(o)

obesity 65

obstructive

- appendicitis 48

- uropathy 69

Octagon board 83
oligohydramnios 112
omental infarction 63,65
omeprazole 126
omphalomesenteric band 58
Osler-Weber-Rendu syndrome 182
ovarian

- cyst 55,70,71

- torsion 72

P

pancreas/pancreatic

- abscess 68

- adenocarcinoma 161
- agenesis 157

- anatomy 155

- congenital anomalies 155

- cysts 159

- cytosis 158

- divisum 157,158

- dysplasia 157

- embryology 155

- endocrine neoplasia 162

- hypoplasia 157

- neoplasia 161

- pseudocyst 161

- solid pseudopapillary tumor (SPT) 161

- tissue 117

pancreaticoblastoma 161

pancreatitis 67,68,117,162,163

- hereditary 163

paracentesis 66

paralytic ileus 57, 58,181,182

PEC, see percutaneous endoscopic cecostomy
pelvic inflammatory disease 71
pelviureteric junction obstruction 69
peptic ulcer disease 119,120

percutaneous

- abscess drainage 230

- endoscopic cecostomy (PEC) 228

- gastrostomy 224

- transhepatic cholangiography (PTC) 150,232
perforated appendicitis 53, 54, 66
periappendiceal fat 54

peristalsis 84,91

peritonitis 42, 46,51, 52,55, 66,71225
Peutz-Jeghers syndrome 39,126-128,161, 182
Peyer patches 198,215

phagocytes 122

phytobezoar 124

pigtail catheter 231

plain abdominal radiograph (AXR) 194,198
PLD, see polycystic liver disease
pneumatosis intestinalis 29-31
pneumonia 92

pneumoperitoneum 16, 19, 20, 33, 34, 46, 51
- triangle sign 176

polycystic liver disease (PLD) 139
polyhydramnios 22,156

polysplenia 114

- bilobed lung 157

portal

- hypertension 66,234

- vein air 31,32

posterior sagittal anorectoplasty (PSARP) 211
pouchogram 87,88

Poznanski technique 83

preduodenal vein 6

primary fat epiploic lesion 55,63
processus vaginalis 20

prostaglandin E 2

PSARP, see posterior sagittal anorectoplasty
pseudocyst 19,20, 67, 68

pseudokidney 38, 39,180

Pseudomonas 214

pseudo-obstruction 204

pseudotumor 130
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PTC, see percutaneous transhepatic cholangiography

puborectal sling 210
pulmonary edema 8,93
pyelonephritis 68

pyloric

—atresia 2,3,114
- stenosis 2

—tit 119

pyloromyotomy 119,130
pylorospasm 119
pyogenic liver abscess 152
pyosalpinx 71,73

radiolucent foreign body 99
radionuclide milk scan 96
rectosigmoid index 25
reflux esophagitis 105
renal

- abscess 68

- lithiasis 69

retrocecal appendix 196
retropharyngeal mass 85

rhabdomyosarcoma (RMS) 149,151

RMS, see rhabdomyosarcoma
Roux-en-Y jejunostomy 114
rule of threes 43

S

saline enema therapy 46
Salmonella 61

sandwich sign 38
schistosomiasis 154

Henoch-Schénlein purpura 39,62, 64
Schwachman-Diamond syndrome 157,158

sedation 221,222
sepsis 2,233
septic shock 42
septicemia 25
shoulder sign 119
skip lesion 61

SMA, see superior mesenteric artery

small bowel

- faeces sign 182

- intussusception 180

— obstruction 56,58

- string-of-pearl sign 182
- whirlpool sign 182

small left colon syndrome 15,25, 29,207

snowstorm appearance 22
soap bubble meconium 25

solid pseudopapillary tumor (SPT) 161

splenic trauma 238

split liver transplantation 235
SPT, see solid pseudopapillary tumor

Staphylococcus aureus 153
stenosis 235

- congenital 14

- of the jejunum 11

stomach

- anatomy 109

- fluoroscopy 111

- normal embryology 109

stress ulcer disease 120

string sign 119

submucosa 29

succus entericus 15

sulfur-colloid liver scintigraphy 145
superior mesenteric artery (SMA) 6,110
- syndrome 185

superior mesenteric vein (SMV) 110
swallowing disorders 84

T

TAE, see transcatheter arterial embolization
TEEF, see tracheo-esophageal fistula

tension pneumoperitoneum 202

teratoma 85

TIPS, see transjugular intrahepatic portosystemic shunt
TORCH 134

total colonic aganglionosis 206

Toxoplasma gondii 121

trachea

- congenital anomalies 86

- development 81

tracheo-esophageal fistula (TEF) 86,89,113
tracheomalacia 86, 88

transcatheter arterial embolization (TAE) 238
transjugular intrahepatic portosystemic shunt (TIPS) 234
- contraindications 234

trichobezoar 124

trisomy 18 145

tru-cut needle 236

tuberculosis 190

tubo-ovarian abscess 71,73

typhlitis 55,214

V)

UES, see undifferentiated embryonal sarcoma
ulcerative colitis 216

- imaging findings 217

undifferentiated embryonal sarcoma (UES) 150
urinary tract infection 68,69

\'}

VACTERL 86,211

Valsalva maneuver 43
vanillylmandelic acid (VMA) 161
vascular ring abnormality 93
VCUG 68

venous drainage 92
ventriculoperitoneal shunt catheter 66
VHL, see von Hippel-Lindau disease
video esophagram 84, 85

viral

- hepatitis 234

- infection 150




VMA, see vanillylmandelic acid

volvulus 177

- inutero 12

- of the colon 215

vomiting 4

von Hippel-Lindau disease (VHL) 159, 160

w

whirlpool sign 11,58
Wilms tumor 150

Y

Yersinia 61
- enterocolitica 62

y 4

Z-shaped configuration 9
Zuelzer-Wilson syndrome 204
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