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In recent decades, pediatric surgery has been enriched by new knowledge in 
the field of surgical diseases, and the development of new technologies has 
allowed the application of the most advanced surgical techniques also to the 
pediatric patient. After publication of the previous volumes on thoracic sur-
gery and urology, this third volume comes from the need to create a focus on 
digestive surgical pathology.

For its implementation, collaboration of leading experts in the interna-
tional scenario was sought in order to provide readers with an updated tool 
for their knowledge.

The Symposium on Pediatric Digestive Surgery that was held in November 
2015 in Bologna was the occasion to invite the best international pediatric 
surgeons to offer their contribution.

This volume contains an assessment on prenatal, radiological, and anes-
thesiologic aspects of the main digestive disorders and chapters on the man-
agement of each topic.

This volume concludes with the treatment of pediatric cancer and with a 
chapter on the use of augmented reality in digestive surgery.

I wish to thank all those who have actively collaborated on the creation of 
this book, and all the authors, who for friendship and desire to pass on their 
knowledge, agreed to provide their contribution.

I also thank all the staff of Springer for their long and patient work.

Bologna, Italy Mario Lima

Preface
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      Prenatal Diagnosis and Obstetric 
Management                     

     Gianluigi     Pilu    

      In Europe ultrasound examinations are commonly 
performed in virtually all pregnancies, usually 
between 11 and 13 weeks’ gestation and around 
20 weeks’ gestation [ 1 ]. One of the main objec-
tives of these investigations is the detection of 
fetal anomalies. The uptake of anomalies is vari-
able in different studies, and indeed, the value of 
universal screening for anatomic malformations is 
debated [ 1 – 3 ]. The detection rate much varies 
depending upon different factors and the affected 
organs in particular. Sonographic investigation of 
the fetal gastrointestinal tract suffers from many 
limitations mostly because the fetal bowel is 
almost completely empty in early gestation. 
Furthermore, the esophagus and anorectal tract 
are incompletely seen. As a consequence of this, 
most intestinal obstructions are not identifi ed until 
late in gestation or even after birth (Fig.  1.1 ).

   Nevertheless, the identifi cation of abnormal 
fetal sonographic fi ndings of the gastrointestinal 
tract does occur, and in these cases, pediatric spe-
cialists are usually consulted to discuss the man-
agement strategy in the perinatal period and the 
prognosis. Such consultations have a particular 
relevance when the diagnosis is made in early 
gestation and the couples are considering the 
option of a pregnancy termination. It seems 

important to stress that caution is necessary when 
discussing the implications of antenatal diagno-
sis. The accuracy of sonography is limited, and 
anomalies identifi ed in utero tend to have a dif-
ferent outcome than those that are identifi ed after 
birth. Ancillary methods are now available for 
prenatal diagnosis in selected cases, including 
genetic testing and magnetic resonance, and mul-
tidisciplinary discussion is certainly indicated. 

 In the following pages, we will briefl y review 
the state of the art of prenatal diagnosis of the 
anomalies of the gastrointestinal tract, focusing 
upon the information that seem relevant for the 
pediatric surgeons who work in close contact 
with obstetric departments. 

1.1     Normal Sonographic 
Appearance of the Fetal 
Gastrointestinal Tract 

 Fetuses start swallowing amniotic fl uid early in 
gestation, and the fl uid-fi lled stomach is visible 
as early as 9 weeks of gestation as a C-shaped 
sonolucent structure in the upper left quadrant of 
the abdomen. The bowel has normally a uniform 
echogenic appearance until the third trimester of 
pregnancy when meconium-fi lled loops of large 
bowel are commonly seen. The liver is large pre-
natally and comprises most of the upper abdo-
men. The gallbladder is usually seen since 
midgestation as an ovoid cystic structure to the 
right and below the intrahepatic portion of the 

        G.   Pilu      
  Department of Obstetrics and Gynecology , 
 Bologna University ,   Via Massarenti 13 , 
 40138   Bologna ,  Italy   
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umbilical vein. The spleen may also be visualized 
posterior and to the left of the fetal stomach. The 
proximal and distal esophagus can be at times 
visualized, when the fetus is in a favorable posi-
tion and particularly in the course of swallowing. 
However, it is impossible to visualize the entire 
length. The anal complex can also be seen 
although usually only in late gestation (Fig.  1.2 ).

1.2        Esophageal Atresia 

 As the esophagus is poorly and anyhow incom-
pletely visualized with fetal sonography, most 
cases of atresia escape antenatal detection [ 4 ]. 
The majority of cases are associated with a 
tracheoesophageal fistula that allows distal 
transit of fluid and filling of the stomach. In 

a

c

b

  Fig. 1.1    The normal appearance of the fetal gastroin-
testinal system at 20 weeks ( a ,  b ) and close to term 
gestation ( c ); at 20 weeks the liver is large and occupies 
the entire upper abdomen, and the stomach and gall-

bladder are fl uid fi lled and easily visible; the bowel is 
empty and appears sonographically homogeneous; in 
advanced gestation, the meconium-fi lled large bowel 
can be seen       
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late gestation, however, the size of the fistula 
does not allow adequate transit and as a conse-
quence of this fluid accumulated into the 
amniotic cavity, and the stomach appears min-
imally distended. 

 The diagnosis of esophageal atresia is sus-
pected when, in the presence of polyhydramnios 
(usually only in the third trimester), repeated 
ultrasonographic examinations demonstrate a 
small stomach bubble. In most cases the condi-
tion can only be suspected and the fi nal diagno-
sis is only possible after birth. The only 
exception is in cases in which during swallow-
ing the dilated proximal esophageal pouch is 
seen, as an elongated upper mediastinal and ret-
rocardiac anechoic structure. This fi nding how-
ever is present only after 28 weeks and 
transiently [ 4 ]. 

 The differential diagnosis for the combination 
of a small stomach bubble and polyhydramnios 
includes intrathoracic compression, by condi-
tions such as diaphragmatic hernia, and muscular- 
skeletal anomalies causing inability of the fetus 
to swallow. Fetal magnetic resonance has also 
been reported to be of help in these cases [ 4 ]. 

 In one of the largest available series, polyhy-
dramnios was present in 50 % of cases, and the 
atresia was suspected or diagnosed antenatally in 
about one-third of cases, at a median gestational 
age of 31 weeks. As expected type 1 atresia was 

more frequently suspected (polyhydramnios in 
100 % of cases, small gastric bubble in over 80 % 
of cases) than cases with a tracheal fi stula (poly-
hydramnios 50 % of cases, small gastric bubble 
in 25 %) [ 4 ]. 

 Esophageal atresia and tracheoesophageal fi s-
tula are often associated with other major defects, 
including chromosomal anomalies, malforma-
tions, and syndromic associations, that are not 
always obvious on prenatal examinations 
(Fig.  1.3 ).

1.3        Duodenal Atresia 

 Prenatal diagnosis is based on the demonstration 
of the characteristic “double bubble” appearance 
of the dilated stomach and proximal duodenum, 
commonly associated with polyhydramnios. 
Although the characteristic “double bubble” can 
be seen as early as 20 weeks, it is usually not 
diagnosed until after 25 weeks suggesting that 
the fetus is unable to swallow suffi cient volume 
of amniotic fl uid for bowel dilatation to occur 
before the end of the second trimester of 
pregnancy. 

 In a review of the literature, prenatal diagnosis 
was made in 77 % of cases. Other malformations 
were often present and trisomy 21 was found in 
about one-third of cases [ 5 ] (Fig.  1.4 ).

a b

  Fig. 1.2    It is diffi cult to demonstrate sonographically the 
fetal esophagus and the anorectal complex. When the 
fetus is in a favorable position and the quality of the 
images is adequate, at least the distal esophagus coursing 

posterior to the trachea ( a ), and the echogenic anorectal 
mucosa, surrounded by the sonolucent external sphincter 
( b ) may be seen       
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1.4        Pyloric Atresia 

 Few cases of pyloric atresia, often in association 
with other malformations, have been described. 
The typical fi nding includes polyhydramnios and 
a large stomach that usually appear only in the 
third trimester of gestation. The index of suspi-
cion is increased when dilatation of the esopha-
gus is also seen [ 5 ].  

1.5     Intestinal Obstruction 

 In early gestation the bowel is virtually empty 
and it has a homogeneous echogenic texture. 
Only in the third trimester of gestation it becomes 
possible to visualize the large bowel, distended 
by echogenic meconium. The appearance is very 
variable and the size of the colon has been 
reported to vary between 7 and 20 mm. Individual 

a

c

b

  Fig. 1.3    Esophageal atresia. The amniotic fl uid is much increased ( a ), the stomach bubble is small ( b ), and the proxi-
mal esophagus forms a pouch when the fetus swallows ( c )       
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small bowel loops may be seen at times, usually 
with a maximum diameter of few mm. 

 Small bowel obstruction is usually visible only 
late in pregnancy and almost invariably after 
25 weeks of gestation. The diagnosis is easy when 
distended, fl uid-fi lled, and peristaltic bowel loops 
are seen. The presence of polyhydramnios 
increases the index of suspicion. However, at times 
it may be diffi cult to differentiate bowel obstruc-
tion from normally prominent large bowel. It is not 

rare that the fi nal diagnosis can only be made after 
birth. The whirlpool sign suggesting the presence 
of a volvulus has been described in fetuses. 

 In a review of the literature, about 50 % of 
small bowel obstruction were detected antena-
tally, and false-positive diagnosis was frequent 
(the specifi city was as low as 30 %). The detection 
rate was greater with jejunal than ileal obstruction 
(60 % and 25 %, respectively). Cystic fi brosis has 
been reported in up to 13 % of cases [ 5 ] (Fig.  1.5 ).

a b

  Fig. 1.4    Duodenal atresia; double bubble sign in the second ( a ) and third trimester ( b )       

a b

  Fig. 1.5    Ileal atresia; gross dilatation of bowel loops. During real-time examination, increased perystalsis ( a ,  b ) was 
seen.       
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1.6        Meconium Peritonitis 

 Intrauterine perforation of the bowel may lead to 
a local sterile chemical peritonitis, with the devel-
opment of a dense calcifi ed mass of fi brous tissue 
sealing off the perforation. Bowel perforation 
usually occurs proximal to some form of obstruc-
tion, although this cannot always be demon-
strated. In many cases of meconium peritonitis, 
ultrasound will only reveal fi ndings of intestinal 
obstruction. However, a specifi c diagnosis can be 
made if dilated bowel loops are found in associa-
tion with ascites and calcium deposit. It may also 
be possible to document at times a typical 
sequence of events: ascites associated with seg-
mental dilatation of bowel loops, followed by 
disappearance of the fl uid and progression of 
bowel enlargement, usually in the presence of 
intra-abdominal calcifi cations. Cystic fi brosis has 
been reported in up to 20 % of these cases [ 5 ].  

1.7     Abdominal Cysts 

 Abdominal cysts are frequent fi ndings at ultra-
sound examination. Renal tract anomalies or 
dilated bowel are the most common explanations, 
although cystic structures may arise from the bili-
ary tree, ovaries, mesentery, or uterus. The cor-
rect diagnosis of these abnormalities may not be 
possible by ultrasound examination, but the most 
likely diagnosis is usually suggested by the posi-
tion of the cyst, its relationship with other struc-
tures, and the normality of other organs [ 6 ]. 

1.7.1     Choledochal Cysts 

 Choledochal cysts represent cystic dilatation of 
the common biliary duct. They are uncommon 
and their etiology is unknown. Prenatally, the 
diagnosis may be made ultrasonographically by 
the demonstration of a cyst in the upper right side 
of the fetal abdomen. The differential diagnosis 
includes enteric duplication cyst, liver cysts, situs 
inversus, or duodenal atresia. The absence of 
polyhydramnios or peristalsis may help differen-
tiate the condition from bowel disorders.  

1.7.2     Ovarian Cysts 

 Ovarian cysts are common, and they may be 
found in up to one-third of newborns at autopsy, 
although they are usually small and asymptom-
atic. Fetal ovarian cysts are hormone sensitive 
(hCG from the placenta) and tend to occur after 
25 weeks of gestation; they are more common 
in diabetic or rhesus-isoimmunized mothers as 
a result of placental hyperplasia. The majority 
of cysts are benign and resolve spontaneously 
in the neonatal period. Potential complications 
include the development of ascites, torsion, 
infarction, or rupture. Prenatally, the cysts are 
usually unilateral and unilocular although if the 
cyst undergoes torsion or hemorrhage, the 
appearance is complex or solid. Large ovarian 
cysts can be found in association with polyhy-
dramnios possibly as a consequence of com-
pression on the bowel. Obstetric management 
should not be changed, unless an enormous or 
rapidly enlarging cyst is detected or there is 
associated polyhydramnios; in these cases, pre-
natal aspiration may be considered. A diffi cult 
differential diagnosis is from hydrometrocol-
pos, which also presents as a cystic or solid 
mass arising from the pelvis of a female fetus. 
Other genitourinary or gastrointestinal anoma-
lies are common and include renal agenesis, 
polycystic kidneys, esophageal atresia, duode-
nal atresia, and imperforate anus. Most cases 
are sporadic, although few cases are genetic, 
such as the autosomal recessive McKusick-
Kaufman syndrome with hydrometrocolpos, 
polydactyly, and congenital heart disease 
(Fig.  1.6 ).

1.7.3        Mesenteric or Omental Cysts 

 Mesenteric or omental cysts may represent 
obstructed lymphatic drainage or lymphatic ham-
artomas. The fl uid contents may be serous, chy-
lous, or hemorrhagic. Antenatally, the diagnosis 
is suggested by the fi nding of a multiseptate or 
unilocular, usually in the midline, cystic lesion of 
variable size; a solid appearance may be second-
ary to hemorrhage.  

G. Pilu
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1.7.4     Intestinal Duplication Cysts 

 They are quite rare and may be located along the 
entire gastrointestinal tract. They sonographi-
cally appear as tubular or cystic structures of 
variable size. They may be isolated or associated 

with other gastrointestinal malformations. 
Differential diagnosis includes other intra- 
abdominal cystic structures and also broncho-
genic cysts, adenomatoid cystic malformation of 
the lung, and pulmonary sequestration. The 
thickness of the muscular wall of the cysts and 

a b

c

d

  Fig. 1.6    Imperforate anus. In this fetus at 20 weeks of 
gestation with multiple anomalies, the diagnosis was sug-
gested by the enlargement of the rectum ( a ) in association 

with the failure to demonstrate the echogenic anal mucosa 
( b ,  c ); the diagnosis was confi rmed at the time of autopsy 
( d )       
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the presence of peristalsis may facilitate the diag-
nosis. Postnatally surgical removal is carried out.   

1.8     Anorectal Malformation 

 The fetal anus and rectum are poorly demon-
strated by ultrasound and are not a part of the 
standard examination of fetal anatomy. As a gen-
eral rule, anorectal malformations are not ame-
nable to antenatal diagnosis. In a handful of 
cases, however, anorectal atresia has been sus-
pected antenatally, usually by the observation of 
a dilatation of the upper rectum and failure to 
demonstrate the anorectal complex that is nor-
mally formed by the anechoic ring of the external 
sphincter muscle surrounding the echogenic 
mucosa (Fig.  1.6 ) [ 7 ].  

1.9     Obstetrical Management 
of Fetal Intestinal Anomalies 

 Intestinal anomalies are invariably treated after 
birth, and standard obstetric management is usu-
ally not changed. As a general rule, delivery may 
occur at the term and vaginally. A possible excep-
tion is represented by the presence of polyhy-
dramnios that is frequently found with esophageal 
and duodenal atresia, less frequently with small 
bowel obstruction. An excessive amount of amni-
otic fl uid may result in overdistension of the 
uterus and trigger premature labor or rupture of 
the membranes. The administration of tocolytic 
drugs in these cases is of limited effi cacy, and in 
the presence of severe polyhydramnios, most 
perinatologists would favor serial evacuative 
amniocenteses. When there is potential for pre-
maturity, maternal administration of steroids 
should also be considered to prevent neonatal 
respiratory distress. 

 Of special concern is the issue of fetal pain. It 
is diffi cult for perinatologists to observe with 
ultrasound fetuses with obstructed bowel that 
demonstrate gross intestinal dilatation with 
intense peristalsis and overdistension of the 
abdomen and vomit incessantly and not to think 
the agony they are experiencing. Little is known 

about fetal pain, and the ultimate psychological 
consequence of long-enduring distress, but stud-
ies on premature infants do suggest that this may 
have a major impact [ 8 ]. Unfortunately, an effec-
tive approach to pain therapy in utero is not avail-
able yet, but certainly this problem will have to 
be addressed in the future. 

   Conclusions 

 In most cases, intestinal anomalies will escape 
prenatal detection and will be recognized only 
postnatally. The pediatric surgeon may how-
ever be consulted prior to birth in the presence 
of abnormal fetal sonographic fi ndings. At 
times the diagnosis will be clear-cut (double 
bubble sign and polyhydramnios indicating 
duodenal atresia, grossly dilated and peristal-
tic bowel loops suggesting small bowel 
obstruction, a whirlpool sign suggesting a vol-
vulus). In other cases, there will be many 
uncertainties. It is important to stress that the 
accuracy of antenatal imaging technique in the 
identifi cation and differentiation of gastroin-
testinal anomalies is limited. In many cases, a 
defi nitive diagnosis will only be possible after 
birth.      
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      The main diagnostic techniques for gastrointesti-
nal pathology in childhood have always been and 
still are plain abdominal radiographs and conven-
tional contrast studies. However, gastrointestinal 
imaging has continued to evolve over time, with 
new techniques and methods gradually being 
added to the diagnostic procedures, particularly 
ultrasound (US), magnetic resonance imaging 
(MRI), and computed tomography (CT). 

 For gastrointestinal studies in children, it is 
important to know the indications for the differ-
ent imaging techniques, to understand the rela-
tionship between the techniques, and to consider 
the use of these newer techniques rather than con-
ventional radiological studies, also considering 
the role of prenatal diagnosis and how this has, in 
some cases, changed the diagnostic process. 

 The different diagnostic techniques for gastro-
intestinal tract studies in children are described 
here, noting for each the main indications and 
specifi c characteristics, bearing in mind that a 
diagnosis can be determined by a single investi-
gation or can be the result of one or more 
studies. 

 The indications for each imaging modality, 
and the order in which examinations must be 
conducted, should be considered carefully to 
avoid unnecessary examinations. In the radiolog-
ical examination of children, the problem of radi-
ation protection should be addressed fi rst and 
foremost, regardless of the part of the anatomy 
being imaged. 

2.1     Imaging Techniques 

2.1.1     Plain Abdominal Radiograph 

 The  plain abdominal radiograph  uses the natural 
contrast agent of air, and in the neonatal period is 
the examination most frequently used; in some 
cases it is the only one required for the diagnosis. 
In a healthy neonate, air can usually be identifi ed 
in the stomach within minutes of birth, and within 
3 h the entire small bowel usually contains gas. 
After 8–9 h, healthy neonates demonstrate 
 sigmoid gas. 

 Delayed passage of gas through the neonatal 
gut may occur as a result of traumatic delivery, 
hypoglycemia, septicemia, or brain damage. 
Absence of gas in the bowel may be noted in 
 neonates with severe respiratory distress who are 
undergoing mechanical ventilation, and in neo-
nates undergoing continuous nasogastric 
suction. 

 The diagnosis of obstruction is based on some 
interruption of this dispersion of air. Radiography 

        F.   Carfagnini      (*) •    M.   Baldazzi      •    A.   Poerio     
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is the most valuable means of determining 
whether obstruction is present. This modality is 
often diagnostic; even if it is not, however, it may 
help to determine the next most useful diagnostic 
procedure [ 1 – 5 ]. 

 Congenital anomalies causing incomplete 
obstruction (e.g., stenoses, webs, duplications, 
malrotations, peritoneal bands, aganglionosis) 
may not manifest until later in life, and other 
types of examinations (e.g., US and barium 
enema studies) are generally needed for 
diagnosis. 

 Abdominal radiography is often performed 
only in the supine antero-posterior (AP) view, 
especially in the neonatal period; only if required 
is the trans-lateral view with a horizontal beam 
added, and this allows the recognition of air-fl uid 
levels and facilitates the visualization of pneumo-
peritoneum (Fig.  2.1 ). In pneumoperitoneum, in 
equivocal cases, the study can be completed by 
an additional view in the left lateral (LL) decubi-
tus position, with a horizontal beam.

   All cases of  pneumoperitoneum , however 
determined, and  upper-obstructive conditions  
have an exclusively radiographic diagnosis – 

duodenal atresia with a double-bubble sign; less 
frequently pyloric atresia, with a single-bubble 
sign; and jejunal atresia, with a few dilated loops 
causing upstream obstruction and complete 
absence of air downstream (Fig.  2.2 ). None of 
these conditions usually require further radiolog-
ical evaluation after radiography: contrast studies 
are usually contraindicated, and additional proce-
dures are not usually helpful and may even delay 
surgery, resulting in death.

   The role of the plain abdominal radiograph 
combined with a chest radiograph in the diagno-
sis of  esophageal atresia  should be mentioned; 
this disease is suspected at prenatal US by the 
combination of polyhydramnios, reduced intralu-
minal liquid in the fetal gut, and inability to 
detect the fetal stomach. 

 Radiological confi rmation of esophageal atre-
sia is based on fi ndings on AP and lateral chest 
radiographs, which show a blind pouch of the 
proximal esophagus, which is distended with air. 
Radiographic evaluation should always include 
the abdomen to assess the presence of gastroin-
testinal air due to the existence of the fi stula, 
allowing the classifi cation of tracheo-esophageal 

a b

  Fig. 2.1    Plain abdominal radiographs: supine antero-posterior view ( a ) and trans-lateral view ( b ) show the presence of 
pneumoperitoneum       
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atresia. In types I and II there is a complete 
absence of air in the stomach and bowel, whereas 
in types III and IV, air is commonly present. 

 When an H-shaped fi stula without atresia is 
suspected, an esophagogram with low-osmolality 
water-soluble non-ionic contrast media can show 
the fi stula [ 6 ]. 

 The plain abdominal radiograph also has a 
role in the early diagnostic phase of  anorectal 
malformations ; in such cases, you need to per-
form, with classifi cation intent, a plain abdomi-
nal radiograph in the trans-lateral prone view for 
the evaluation of the rectal cul-de-sac and its dis-
tance from the perineum. 

 Furthermore, this study allows you to detect 
the sacrococcygeal anomalies that are often 
found in caudal regression syndrome or other 
skeletal abnormalities in a more syndromic 
 context (VACTERL association; vertebral 
defects, anal atresia, cardiac defects, tracheo-
esophageal fi stula, renal anomalies, and limb 
abnormalities).  

2.1.2     Contrast Studies 

 Contrast studies remain as key to the demonstra-
tion of many diseases, both congenital and 
acquired. Their use, however, is slowly declining, 
thanks to the increased availability and dissemi-
nation of endoscopic techniques and video cap-
sule endoscopy (VCE). 

 The aim of the modern radiologist is to work 
in close collaboration with the gastroenterologist 
and surgeon, to perform contrast studies only in 
selected patients, using the correct technique, at 
the lowest radiation dose possible to meet spe-
cifi c diagnostic questions. 

 Many diseases are also studied exclusively by 
a continuous fl uoroscopy technique, by the last 
image-capture technique, or by pulsed fl uoros-
copy with capture of the acquired series. High- 
dose standard full exposures are reserved for 
cases of diffi cult diagnosis or when more defi nite 
anatomical detail is essential (e.g., in thin tracheo- 
esophageal fi stulas). 

a b

  Fig. 2.2    Plain abdominal radiographs: duodenal atresia 
with the double-bubble sign, due to distension of the 
stomach and proximal duodenum ( a ) and jejunal atresia 

( b ), with a few dilated loops and absence of air in the 
lower portion of the abdomen. Note the presence of tho-
racic right-side hemivertebra ( a )       
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