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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



7

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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      Gastro-Intestinal Tract Radiology                     

     Filomena     Carfagnini     ,     Michelangelo     Baldazzi     , and 
    Antonio     Poerio    

      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 
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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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2.1.2.1     Contrast Studies of the Upper 
Gastrointestinal Tract 

 Contrast studies of the upper gastrointestinal 
tract are  upper gastrointestinal (UGI) series , 
small bowel follow through (SBFT), and small 
bowel enema. 

    Upper Gastrointestinal (UGI) Series  
 In well infants or children, barium is the  preferred 
contrast medium for UGI series. 

 For imaging of the esophagus, stomach, and 
duodenum there is a choice of barium formula-
tions and the choice of preparation is at the 
 discretion of the radiologist. 

 As mucosal detail is rarely required, or indeed 
obtainable in children, preparations with a lower 
density are used; these can be successfully diluted, 
do not settle out and set while in suspension, and do 
not fl occulate in the time taken to perform the test. 

 In neonates, especially premature infants, and 
in circumstances where aspiration is a risk or a 
perforation of the gastrointestinal tract is 
 suspected, a low-osmolality water-soluble non-
ionic contrast medium is ideally used (Fig.  2.3 ).

   The child should be starved for approximately 
3–4 h before the study, or for the maximum gap 
between feeds if still breast-fed. 

 High-density high-osmolality water-soluble 
non-ionic contrast media should never be used 
because of the risk of aspiration and consequent 
possible serious complications, such as acute pul-
monary edema [ 1 ,  3 – 5 ]. 

 Although the 24-h pH probe is now the main-
stay for making or confi rming the diagnosis of 
refl ux in children, UGI series are still used in 
many centers to confi rm that the underlying gas-
trointestinal anatomy is normal. Conversely, the 
presence or absence of refl ux during a routine 
UGI series should be noted, as this may be an 
important incidental fi nding. 

 Refl ux often occurs immediately after the pas-
sage of the bolus (liquid or solid) through 
 fractionally delayed closure of the gastro-esoph-
ageal junction (GEJ). Thus, if water is given (two 
or three consecutive mouthfuls are suffi cient) 
even small amounts of refl ux of barium at the 
GEJ may be captured. Beaking of the GEJ is a 

cardinal sign that refl ux is likely to occur immi-
nently, and if the radiologist sees this he/she 
should wait for a few more moments to see 
whether this is confi rmed. If refl ux does not occur 
after two or three episodes of drinking water then 
the child should be turned to the left lateral (LL) 
position and then slowly returned to supine. This 
 encourages barium to wash over the GEJ, which 
may cause refl ex relaxation of the GEJ with sub-
sequent refl ux. If after these two maneuvers 
refl ux has not been demonstrated, then the study 

  Fig. 2.3    Upper gastrointestinal series: gastroesophageal 
refl ux with massive aspiration       
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should be ended. There is no indication for tilting 
the child head down or for performing any other 
non- physiological refl ux- or vomit-inducing 
maneuvers [ 3 – 5 ]. 

 Although tube  esophagram  has traditionally 
been the gold standard examination for H-type 
tracheo- esophageal fi stula, a contrast swallow 
(performed in the correct way) can be suffi cient 
for making the diagnosis. However, a normal 
contrast swallow does not absolutely rule out the 
presence of a tracheo-esophageal fi stula, and if 
high clinical concern remains, then a tube esoph-
agram is still indicated. 

 The tube esophagram (as part of a UGI series) 
remains the test of choice in those children known 
to have a risk of aspiration or those being venti-
lated at the time of the study. UGI series may be 
performed for no other reason than to reveal an 
alternative explanation for the child’s symptoms, 
such as signifi cant refl ux. 

 It is worth noting that even a contrast swallow 
followed by a high-quality tube esophagram does 
not always demonstrate an occult fi stula, and in 
occasional cases bronchoscopy may also have to 
be performed. Similarly, bronchoscopy may miss 
a fi stula revealed by a contrast study. The tests are 
therefore complementary [ 6 ]. 

     SBFT and Small Bowel Enema 
 Both SBFT and small bowel enema examinations 
are in precipitous, and probably terminal, decline 
with the advent of VCE, MRI of the bowel, and 
the use of US in examining the bowel. 

 The SBFT may still be performed in specifi c 
circumstances, including the following: in prepa-
ration for elective gut resection for surgical plan-
ning, when information regarding small bowel 
transit is required (such as in pseudo-obstruction 
and dysmotility states); in suspected subacute 
obstruction, or obstruction (noting that in adults 
CT is now routinely used for this indication, but 
this is not standard practice in pediatrics due to 
radiation dose concerns); in confi rming patency 
in anticipation of VCE in patients at high risk of 
stricture (including patients with  Crohn’s 
 disease ); in children who cannot tolerate VCE; 
and to assess complications of infl ammatory 

bowel disease (IBD) if other modalities are not 
suitable. 

 The fi rst part of the study is as for a UGI 
series, and the child can then sit outside the fl uo-
roscopy room for another 20 min. The child 
should continue to slowly but steadily drink more 
contrast media during this time to ensure that 
there is a continuous column of contrast passing 
through the gut during the study. Serial images 
are then acquired at appropriate intervals to 
answer the clinical question [ 1 – 5 ].   

2.1.2.2     Contrast Studies of the Lower 
Gastrointestinal Tract 

 Imaging of the lower gastrointestinal tract has not 
changed substantially over recent years, and a 
water-soluble contrast enema (for neonatal con-
ditions) and, less frequently, a barium enema for 
older infants and children remain the mainstay of 
imaging [ 1 – 5 ,  7 – 11 ]. 

  Loopograms  have an important role in chil-
dren who have a stoma. Low-density water- 
soluble contrast media is generally used, with the 
benefi t that as more is instilled it does not become 
excessively dense and cause technical problems 
with exposure factors. However, there are a few 
instances, such as when trying to demonstrate a 
subtle fi stula in an anorectal malformation, in 
which the limited use of denser water-soluble 
contrast media may be necessary to achieve suf-
fi cient defi nition. This will largely be at the dis-
cretion of the radiologist. 

 In neonates, enema studies are indicated in 
cases of bowel obstruction, especially lower 
intestinal obstruction. 

  Upper intestinal obstruction  in neonates is 
characterized by bilious vomiting (which 
 frequently occurs after the fi rst feeding) and 
abdominal distension at clinical examination. 
Specifi c common causes of upper intestinal 
obstruction include atresia of the jejunum or 
proximal ileum and peritoneal bands. Partial 
obstruction can be caused by jejunal stenosis, 
peritoneal bands, duplication cyst, malrotation, 
and Meckel’s diverticulum. 

 The generic diagnosis of upper intestinal 
obstruction is usually straightforward at radiog-
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raphy, which demonstrates a few dilated bowel 
loops, more than would be seen in duodenal atre-
sia and fewer than in ileal atresia or other causes 
of lower bowel obstruction. There is no gas in the 
lower portion of the abdomen in jejunal atresia. 
The patient usually requires no further radiologi-
cal investigation, although barium enema exami-
nations are still performed in attempts to exclude 
second and third areas of atresia lower in the 
bowel. In isolated proximal atresia of the jeju-
num, the colon is normal in size, because the 
remaining small bowel distal to the atresia pro-
duces suffi cient intestinal secretions to produce a 
normal-caliber colon [ 1 – 5 ]. 

  Lower intestinal obstruction  is defi ned as an 
obstruction that occurs in the distal ileum or 
colon. Signs include large bowel obstruction with 
vomiting, abdominal distension, and failure to 
pass meconium. The differential diagnosis 
includes ileal and colonic atresia, meconium 
ileus or peritonitis, Hirschsprung disease, and 
functional immaturity of the colon. Anorectal 
malformations are also an important cause of 
lower intestinal obstruction, but are almost 
always evident at physical examination. 

 The diagnosis of lower intestinal obstruction 
is usually apparent at abdominal radiography 
because of the presence of many dilated intesti-
nal loops, but radiographic differentiation 
between ileal and colonic obstruction is diffi -
cult, if not impossible. This distinction can 
readily be made with a barium enema study, 
which helps to determine the presence of micro-
colon (Fig.  2.4 ), indicates the position of the 
cecum with regard to possible malrotation, and 
shows the level of the obstruction in colonic 
atresia [ 1 – 4 ].

    Ileal atresia  is an important cause of lower 
intestinal obstruction. Plain radiographs (AP and 
LL views) show numerous dilated loops of bowel 
occupying the entire abdominal cavity and mul-
tiple air-fl uid levels. When this degree of disten-
sion is reached, the mucosal pattern of the small 
bowel is effaced and it may be impossible to dif-
ferentiate small bowel from colon. In such a case, 
a barium enema study is mandatory to determine 
the presence of a colonic lesion. In ileal atresia, 

the colon has a normal location but a minute cali-
ber (functional microcolon). 

  Colonic atresia  is less common than ileal atre-
sia. It is often indistinguishable from obstruction 
of the distal ileum, especially when the atresia is 
located in the ascending colon. The colon proxi-
mal to the point of atresia is often massively 
dilated, and a mottled pattern of gas and feces 
may be identifi ed. Barium enema examination 
usually reveals a distal microcolon with obstruc-
tion to the retrograde fl ow of barium at the site of 
the atresia [ 2 – 5 ,  8 ]. 

  Meconium ileus  is the result of intraluminal 
obstruction of the colon and lower small bowel, 
due to the impaction of meconium, and repre-
sents the earliest clinical manifestation of cystic 
fi brosis. Mechanical obstruction occurs when 
desiccated meconium pellets occlude the distal 
small bowel and the more proximal small bowel 
loops are distended with tenacious meconium 
paste. The abdomen is fi lled with gas-distended 
loops and occasionally there is a relative absence 
of air-fl uid levels due to abnormally thick intralu-
minal meconium. The admixture of gas with 
meconium may give rise to a soap-bubble appear-

  Fig. 2.4    Barium enema study shows severe functional 
microcolon       
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ance similar to the fecal pattern in the colon in 
older patients. 

 Contrast enema examination will show a func-
tional microcolon, involving the entire large 
bowel, and may show impacted meconium pellets, 
particularly in the right colon or in the distal ileum, 
caused by retained meconium (Fig.  2.5 ). 
Meconium ileus is among the few pediatric condi-
tions for which an enema is used, with high- 
osmolality water-soluble iodinated contrast, 
because of its therapeutic effects. Advantage is 
taken of the high osmotic pressure of the contrast 
medium: the surrounding tissue is forced to release 
considerable amounts of fl uid, which then fl ows 
into the gut and dissolves the inspissated meco-
nium. Therefore, the enema is both diagnostic and 
therapeutic, and can be followed by the expulsion 
of meconium during or after the procedure.

   Meconium ileus may be complicated by vol-
vulus of a distal intestinal loop, perforation, atre-
sia, or peritonitis [ 2 – 4 ,  8 ,  9 ,  12 ]. 

  Meconium peritonitis  is a chemical peritonitis 
resulting from intrauterine bowel perforation. 
Common underlying disorders include small 
bowel atresia, meconium ileus, volvulus, and 

intussusception, although some cases are idio-
pathic. The extruded bowel contents provoke an 
intense peritoneal infl ammatory reaction, leading 
to the formation of dense fi brotic tissue. This tis-
sue often calcifi es, resulting in the characteristic 
intraperitoneal calcifi cations identifi ed prior to 
birth with US and after birth with abdominal 
radiography and US. The calcifi cations of meco-
nium peritonitis may extend into the scrotum 
through a patent vaginal process to produce a cal-
cifi ed mass in the scrotum [ 2 – 5 ,  8 ,  9 ,  12 ]. 

  Hirschsprung disease  is a form of lower intes-
tinal obstruction caused by the absence of normal 
myenteric ganglion cells in a segment of the 
colon. The aganglionosis varies in length but 
always extends proximally from the anal canal, 
and the rectosigmoid area is involved in most 
cases. Ultrashort segment disease (in which 
aganglionosis is essentially limited to the region 
of the internal sphincter) is very rare, as is agan-
glionosis involving the entire alimentary tract. In 
children with Hirschsprung 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 func-
tional obstruction. Abdominal distension, consti-
pation, and bilious vomiting are the predominant 
signs and symptoms of obstruction and appear 
within a few days after birth. 

 Radiography performed in children with 
Hirschsprung disease yields fi ndings similar to 
those in other forms of lower small bowel 
obstruction: variable gaseous distension of the 
colon and small bowel, often with air-fl uid levels. 
The colon is usually diffi cult to identify accu-
rately, and gas is usually absent in the rectum. 

 Barium enema studies demonstrate patency of 
the colon, which is short but usually normal in 
caliber. A transition zone between the narrow and 
dilated portions of the colon, in the shape of an 
inverted cone, is the most characteristic radio-
logical fi nding. When this transition zone is 
observed, the examination should be  discontinued, 
because fi lling of the more proximal dilated 
bowel beyond the transition zone may lead to 
impaction (Fig.  2.6 ). However, the distension of 

  Fig. 2.5    Contrast enema with high-osmolality water- 
soluble contrast in meconium ileus       
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the bowel proximal to the segment of defi cient 
innervation is gradual, and a transition zone is 
seen in only 50% of neonates with Hirschsprung 

disease during the fi rst week of life. Abnormal 
contractions and irregular peristaltic activity of 
the aganglionic portion of the colon may be use-

a

c

b

  Fig. 2.6    Hirschsprung disease. Plain abdominal radiograph ( a ) and barium enema ( b ,  c ). Note in  c  the ascent of the 
contrast to the stomach in the late study, due to complete aganglionosis       
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ful indicators of the disease, although they are 
nonspecifi c fi ndings that are also seen in colitis.

   Twelve-hour-delayed postevacuation images 
are useful in dubious cases. 

 The radiological diagnosis of total colonic 
aganglionosis is diffi cult. Findings at barium 
enema examination may be normal or may 
include a short colon of normal caliber, micro-
colon, or a transition zone in the ileum [ 2 – 4 , 
 10 ,  11 ]. 

  Functional immaturity of the colon  is a com-
mon cause of neonatal obstruction, particularly in 
premature neonates and in those whose mothers 
were treated during labor with magnesium prepa-
rations or sedatives; the condition also occurs in 
neonates with diabetic mothers. The condition 
has also been encountered in children with septi-
cemia, hypothyroidism, or hypoglycemia. 
Functional immaturity of the colon comprises 
several entities, most notably small left colon 
syndrome and meconium plug syndrome. 
Affected patients have abdominal distension, dif-
fi culty in initiating evacuation, and sometimes 
vomiting; typically, however, the bowel disten-
sion is less severe than that seen with an organic 
obstruction. The condition is both diagnosed and 
treated with a contrast enema. 

 In  small left colon syndrome , barium enema 
examination demonstrates a distended right and 
transverse colon with a transition to a very small- 
diameter descending and rectosigmoid colon 
near the splenic fl exure. The rectum is usually 
quite distensible. 

 In  meconium plug syndrome , barium enema 
examination with high-osmolality water-soluble 
contrast shows a small caliber of the left colon 
with a large meconium plug. The rectum is usu-
ally normal in size, unlike fi ndings in 
Hirschsprung disease. The enema can be both 
diagnostic and therapeutic and is usually accom-
panied by the passage of meconium during or 
after the procedure [ 10 ,  11 ]. 

 Typically, there is clinical improvement fol-
lowing the enema, and over the course of hours to 
days the radiographic and clinical signs of 
obstruction subside. 

 In older children the main indication for a 
barium enema is intestinal intussusception, with 

the enema used exclusively for therapeutic pur-
poses, since the diagnosis is made by 
sonography. 

 The role of the enema in reducing intestinal 
intussusception is well known and recognized, 
but in the literature there are many differing 
reports about the contrast medium to be used; 
namely, air or liquid. An air enema is considered 
to be better at reduction, cleaner (appearance of 
peritoneal cavity at surgery when perforation 
occurs), safer, and faster, with less radiation 
when compared with a liquid enema. Reported 
perforation rates are not signifi cantly different. 
The recurrence rates for air versus liquid enema 
reductions do not differ (approximately 10%). 
However, while the air enema may be preferred 
in experienced hands, the liquid enema is also 
safe and effective. Barium is no longer the liquid 
contrast medium of choice, due to the risk of bar-
ium peritonitis, infection, and adhesions when 
perforation occurs during the enema procedure. 
Neither sedation nor medications increase the 
enema success rate. More recent reports of air 
enema intussusception reduction show better 
results than liquid enema intussusception reduc-
tion. The air enema may use higher intraluminal 
pressure, which results in a higher reduction rate. 

 To avoid ionizing radiation exposure to chil-
dren, the use of US with either water or air reduc-
tion techniques has been reported, showing 
intussusception reduction rates equivalent to 
those using  fl uoroscopy . 

 The use of delayed attempts (reports vary 
between 30 min and 1 day) after the initial 
attempt have shown further success in enema 
reductions of intussusceptions. Delayed enema 
should not be performed if the child is clinically 
unstable or if the initial enema does not partially 
reduce the intussusception. 

 The most important potential complication of 
enema use is bowel perforation (the mean perfo-
ration rate was 0.8%). There are no statistically 
signifi cant differences between air and liquid 
enema perforation rates. This risk depends on 
each radiologist’s patient population and 
 technique, as well as on the duration of symp-
toms. Because of this small but real risk of bar-
ium peritonitis, infection, and adhesions when 
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perforation occurs during the enema procedure, 
iodinated contrast is preferred over barium when 
using liquid enema reduction. 

 Children with evidence of peritonitis, shock, 
sepsis, or free air on abdominal radiographs are 
not candidates for enema use [ 4 ,  5 ].   

2.1.3     Ultrasound (US) 

 Ultrasound (US) is an excellent imaging modal-
ity for the evaluation of the gastrointestinal tract 
in pediatric patients, so that it is now considered 
as an extension of the clinical evaluation, both in 
emergency conditions and for elective studies 
[ 13 ,  14 ]. 

 In addition to the well established primary 
role of US in specifi c diseases, such as in hyper-
trophic pyloric stenosis and intestinal intussus-
ception, the diagnostic reliability of US has been 
widely demonstrated in many other pathological 
conditions, such as in acute  appendicitis , chronic 
intestinal infl ammatory diseases (IBD), necrotiz-
ing enterocolitis (NEC), gastro-esophageal 
refl ux, neonatal intestinal obstruction, intestinal 
malrotation, and acute volvulus in intestinal 
malrotation. Furthermore, US is successfully 
used even in less conventional applications, such 
as in esophageal atresia and anorectal 
malformations. 

 The well known advantages of US, particu-
larly its lack of ionizing radiation and easy 
access, makes this imaging technique an ideal 
one for the evaluation of the pediatric patient 
with gastrointestinal tract diseases. Major draw-
backs include its operator-dependency and repro-
ducibility, apart from factors related to the 
patient, such as non-collaboration, obesity, and 
the interposition of a large amount of gas. Most 
of these limitations can be overcome with a com-
prehensive, careful, and dedicated examination 
technique using modern US capabilities. 

 US is also an excellent bedside high-yield 
imaging tool in intensive care units and it can 
also be used to guide therapeutic maneuvers, 
such as in the reduction of intussusception or in 
enema for meconium ileus. 

 In the past few decades, advances in US 
technology have greatly improved the quality 
of gastrointestinal US imaging, with a conse-
quent positive impact on its diagnostic yield. 
Improvements in US probes, particularly high- 
resolution linear probes, permit better spatial 
resolution and better penetration in the far fi eld, 
whereas improvements in contrast resolution 
can now be achieved with recent US modes 
such as image compounding, speckle/noise 
reduction fi lters, and (tissue) harmonic 
imaging. 

 Likewise, progress in Doppler techniques 
allows better depiction and quantifi cation of even 
the slow fl ow of small vessels within normal and 
pathological gastrointestinal structures. 

 For any US examination the choice of ade-
quate transducers, adjustment of basic parame-
ters, and the choice of US modality is fundamental 
to obtain a proper image quality. 

 In general, the optimal transducer must have 
the highest possible frequency that is still able to 
penetrate the anatomical area of interest, provid-
ing the best spatial resolution. 

 The initial evaluation of the entire abdominal 
cavity is performed with a curved array trans-
ducer; then the individual structures of the gas-
trointestinal tract are specifi cally examined with 
a  high-resolution linear probe , which allows 
detailed visualization of the esophageal wall, 
gastric wall, and bowel wall, as well as detailed 
visualization of the relevant surrounding struc-
tures. Not infrequently, curved array probes may 
also be needed in order to obtain a better access 
window to image deeper structures in older chil-
dren (e.g., the esophago-gastric junction, the sig-
moid colon, and the rectum) or to allow for a 
broader fi eld of view. 

 In addition to the conventional trans- 
abdominal approach, other less common types 
of approaches might be necessary, and should 
be included in specifi c disease conditions, such 
as the suprasternal and mediastinal US approach 
to visualize the upper esophagus in 
 tracheo- esophageal atresia or the  perineal US  
approach to evaluate the anal canal or the distal 
rectal pouch location and its distance to the 
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skin surface in anorectal or in cloacal 
malformations. 

 A well known limitation of US examinations 
is bowel gas interposition, but with a careful and 
proper bowel US technique this obstacle can 
often be partially overcome. Gentle graded com-
pression is the essential technique in US of the 
gastrointestinal tract, as it displaces undesirable 
gas, shortens the distance to the skin surface, and 
isolates the bowel loops, while displacing adja-
cent ones. Furthermore, it helps to localize the 
origin of pain (“sonopalpation”) and to assess the 
bowel compressibility. 

 In small patients and particularly in critically 
ill neonates, SBFT can be performed and fol-
lowed by US. 

 Filling techniques are the basis for therapeutic 
maneuvers under US guidance, such as in the 
nonsurgical reduction of an ileo-colic intussus-
ception or in the attempt to resolve meconium 
ileus. 

2.1.3.1     Upper Gastrointestinal Tract US 
 In neonates  esophageal atresia  is usually diag-
nosed with frontal and lateral radiograms, but US 
can provide additional precious information to 
the surgeon. Besides the role of abdominal and 
cardiac US in searching for associated abnormal-
ities, mediastinal US allows the characterization 
of the length, morphology, and structure of the 
wall in a blind upper esophageal pouch; this con-
dition can be improved by the administration of a 
small amount of saline fl uid through the esopha-
geal tube. Rarely, even a tracheo-esophageal fi s-
tula may be recognized by US [ 13 ]. 

 With a superior abdominal US approach, the 
cardia and the adjacent distal esophagus are often 
easily depicted, although visualization of the 
entire distal esophageal length behind the heart is 
diffi cult and restricted. 

 In neonates and infants with suspected  gastro-
esophageal refl ux disease (GERD) , US is a 
widely available, non-invasive, and sensitive 
method that can provide useful anatomical and 
functional information, although its role in 
GERD is still controversial and debated. The 
complex issue of GER and GERD is related to 

many factors, including the nonspecifi c nature of 
symptoms in young children, the diffi cult distinc-
tion between physiological and pathological 
GER, and the impasse in establishing a cause- 
effect relationship between GER and symptoms 
or complications related to GERD. 

 Nevertheless, US is considered by many 
authors as the primary non-invasive imaging tool 
in a child with vomiting, particularly in patients 
younger than 2 years of age, as it can provide 
alternative diagnoses other than GER and rule 
out gastric outlet obstruction. 

 More important than the US detection of 
GER, per se, is the fact that one can correlate the 
US fi ndings with the occurrence of clinical symp-
toms. Furthermore, US can provide information 
on functional aspects such as the esophageal 
clearance of the refl uxed gastric content, the 
opening of the gastroesophageal junction (GEJ), 
and gastric emptying, and US can potentially 
detect an associated hiatal hernia. Anatomical 
details of the gastroesophageal structure, such as 
the length of the abdominal esophagus and the 
gastroesophageal angle (angle of His), can be 
assessed, and these features seem to have high 
sensitivity and high positive predictive value for 
GER. 

 US is generally considered the modality of 
choice to confi rm or exclude the diagnosis of 
 hypertrophic pyloric stenosis (HPS),  as both the 
lumen and the surrounding musculature are 
directly visualized [ 15 – 17 ]. The diagnosis of 
HPS is based on US morphological and dynamic 
fi ndings: the most signifi cant criteria are a thick-
ened pyloric muscle (greater than 3 mm), a 
pyloric length greater than 18 mm, and the lack 
of luminal opening of the pyloric channel 
(Fig.  2.7 ). The usually distended stomach, seen 
as an indirect sign of gastric outlet obstruction, 
must be interpreted according to the time of the 
last meal. Changing the patient position may be 
necessary to improve visualization of the pyloric 
channel hidden by a distended stomach.

   It is also important to evaluate the pyloric 
canal over time, to differentiate HPS from pylo-
rospasm, a transient phenomenon that can have 
morphological features and measurements simi-

2 Gastro-Intestinal Tract Radiology



22

lar to those of HPS. In doubtful cases a repeated 
US after some time can clarify the diagnosis. 

  Gastric duplication cysts  are usually easily 
recognized when they have the classic US appear-
ance of localized fl uid formations with a thick 
layered wall. Gastric emptying may be used to 
highlight the close relationship of the cyst with 
the gastric wall [ 18 ]. 

 Other gastric pathologies can be suspected in 
abdominal US examinations performed in a child 
with vomiting, epigastric pain, or other nonspecifi c 
abdominal discomfort. Such pathologies may be a 
cause of focal or diffuse thickening of the stomach 
wall (e.g., eosinophilic gastritis, chronic granulo-
matous disease, tumoral diseases such as polyps 
and lymphoma), but also of intraluminal anomalies 
(e.g., bezoar, ingested foreign bodies). 

 After the US evaluation of the esophageal- 
gastric junction, stomach, and pylorus, the next 
step is to follow the duodenum to check the third 
duodenal portion, which normally passes between 
the abdominal aorta and the superior mesenteric 
artery; the normal position of the duodenojejunal 
junction can also be identifi ed, on the left side of 
the aorta.  

2.1.3.2     Small and Large Bowel US 
 US can also be used to recognize  intestinal mal-
rotations  [ 12 ,  19 – 22 ]. The diagnosis of these 
abnormalities has been modifi ed in the past few 
years. Barium enema and radiographic study of 
the upper gastrointestinal tract has been used to 

evaluate the duodenum morphology, duodenal- 
jejunum junction position, and cecum position, 
and this study is still considered the standard cri-
terion. Actually, in addition to these invasive 
examinations that use X-rays, US examination 
with color Doppler is used to identify intestinal 
anomalies of rotation and fi xation. The best 
known US fi nding is an abnormal relationship 
between the superior mesenteric artery (SMA) 
and the superior mesenteric vein (SMV), although 
a normal position does not exclude the presence 
of abnormal midgut rotation. In addition, the nor-
mal position of the third duodenal portion is 
believed to be a more reliable marker than the 
position of the mesenteric vessels to exclude 
intestinal malrotation (Fig.  2.8 ).

   The fi nding of an abnormal relationship 
between the SMA and the SMV may be demon-
strated either incidentally or on specifi c examina-
tion. The SMA/SMV relationship should be 
considered part of abdominal US screening in 
infants and children with abdominal pain or in 
asymptomatic pediatric patients to prevent future 
obstructive or ischemic complications. 

  Midgut volvulus  is the most frequent cause of 
acute abdomen in newborns, and it is a common 
consequence of intestinal malrotation. However, 
it can affect children also. It is a life-threatening 
emergency; early diagnosis is important in this 
disease, to avoid the risk of intestinal infarct and 
necrosis. If not promptly diagnosed and treated, 
midgut volvulus leads to death or a lifelong 

a b

  Fig. 2.7    ( a ,  b ) Hypertrophic pyloric stenosis. Ultrasound 
(US) study ( a ,  b ) shows a thickened pyloric muscle 
(greater than 3 mm), increase of pyloric length (greater 

than 18 mm), and distended stomach due to the lack of 
luminal opening of the pyloric channel       
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dependence on total parenteral nutrition in survi-
vors with short bowel syndrome. 

 Therefore, learning to recognize the US fi nd-
ings of midgut volvulus is imperative: the volvu-
lus is responsible for a whirlpool-like appearance 
on cross-sectional images, created when the 
SMV and the mesentery wrap around the SMA in 
a clockwise direction. Visualization is enhanced 
by the vascular signal on color Doppler fl ow US 
[ 23 – 25 ] (Fig.  2.9 ).

   For the neonate with the classic appearance of 
a whirlpool sign, additional imaging investiga-
tion is often unnecessary, and the surgeon should 
be alerted to plan for emergency surgery. The 
advantages of US for this age group are apparent, 
since it can be performed at the bedside in inten-
sive care units and lacks the adverse effects of 
ionizing radiation. 

 The diagnosis of  neonatal bowel obstruction  
or the confi rmation of the prenatal diagnosis is 
based on clinical and radiological signs on a plain 
abdominal radiograph, occurring with a delay of 
12–24 h; in very distal obstruction the signs may 
appear even later. 

 US can contribute to the diagnosis of neonatal 
bowel obstruction with important additional infor-
mation; fi rst of all, it can document the obstruction, 
showing severe distension of the proximal bowel 
loops (diameter from 16 to 40 mm) with thin walls 
and increased peristalsis, fi lled with fl uid, and 

punctuated with echodense particles of gas. The 
distal bowel is small in size (3–4 mm) with ech-
odense or target-like meconial content [ 19 ]. 

 Furthermore, US allows the assessment of 
colon size and its content, a main marker to sug-
gest the probable location of the obstruction, thus 
indicating the need to perform a contrast enema 
in case of lower bowel obstruction. The colon is 
of normal caliber (9–14 mm) in very proximal 
small bowel atresia, while microcolon (3–5 mm) 
is easily recognized in distal small bowel atresia 
and in meconium ileus. In meconium ileus, 
severe microcolon is present, but the small bowel 
is less dilated and less peristaltic than in other 
small bowel atresias. The most important fi nding 
is the characteristic appearance of the dilated 
bowel loops, which contain abnormal meconium: 
the thick meconium sticks to the bowel walls, 
resulting in a pseudo-thickening. The distal 
bowel loops, in the right lower quadrant, are 
small (3–4 mm), with a target-like appearance 
due to impacted meconial pellets. 

 Hydrocolon is present in  meconium plug syn-
drome  and  small left colon syndrome  [ 2 ,  3 ,  19 ]. 

 Besides being observed in small bowel obstruc-
tion, hepatic, splenic, scrotal, and peritoneal calci-
fi cations are observed in  meconium peritonitis  
with single or multiple meconium pseudo-cysts 
and free intraperitoneal fl uid [ 2 ,  3 ,  7 ,  8 ]. 

 Occasionally US study highlights the cause of 
obstruction, either intrinsic (e.g., duodenal web) 
or extrinsic (e.g., gastrointestinal duplication cyst 
or annular pancreas). 

 In  anorectal malformations , the distance 
between the rectal cul-de-sac and the perineum 
can be reliably measured with perineal US [ 13 , 
 26 ,  27 ]. Furthermore, US study can show associ-
ated genito-urinary tract and dysraphic abnor-
malities; therefore, all patients with congenital 
anorectal malformations should have a genito- 
renal tract and spinal US examination as a screen-
ing test in the early newborn period (Fig.  2.10 ).

   US is still not routinely used for the diagnosis 
and follow up of  NEC , but it can provide infor-
mation that is not provided by plain abdominal 
radiography and that may affect the management 
of NEC. Like radiography, US can depict intra-
mural gas, portal venous gas, and free intraperito-

  Fig. 2.8    Intestinal malrotation. US study shows abnor-
mal relationship between the superior mesenteric artery 
and superior mesenteric vein, the latter seen to the left of 
the artery       
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neal gas; however, the main advantage of 
abdominal US over plain abdominal radiography, 
including color Doppler US, is that abdominal 
US can show intraabdominal fl uid, bowel wall 
thickness, and bowel wall perfusion [ 28 – 31 ]. 

 In NEC, the ability to depict abdominal fl uid 
is the fi rst major advantage of US study over 
plain abdominal radiography, showing whether 
the fl uid is intraluminal or extraluminal and 
whether it is free in the peritoneal cavity or is a 
more localized fl uid collection. 

 The second major advantage of abdominal US 
in NEC is its ability to visualize the bowel wall 
directly and to assess bowel wall thickness, echo-
genicity, and peristalsis. 

 With both bowel wall thickening and thinning 
the normal echogenicity of the wall (so-called gut 
signature) is lost and it may be diffi cult to differ-
entiate the bowel wall from the echogenic intra-
luminal content in severely affected loops. Bowel 
wall thickening is accompanied by increased 

echogenicity of the full wall thickness; however, 
this is a nonspecifi c sign, as it is also seen in other 
causes of diffuse edema in the absence of infl am-
mation or ischemia. 

 The third major advantage of abdominal US, 
including color Doppler, in NEC is the ability to 
directly assess arterial perfusion of the bowel 
wall, to infer the viability of individual loops. 

 Three categories of fl ow are recognized on 
color Doppler: normal, increased, and absent. 
The hyperemia is the result of the vasodilation of 
mural and mesenteric vessels secondary to intes-
tinal infl ammation, with specifi c fl ow patterns 
(“zebra” pattern, “Y” pattern, and “ring” 
pattern). 

 Flow is absent when no color Doppler signals 
are identifi ed in the bowel wall. 

 Thinning of the bowel wall and lack of perfu-
sion are highly suggestive of non-viable bowel 
and may be seen before visualization of pneumo-
peritoneum on plain abdominal radiography. As 

a b

  Fig. 2.9    US study ( a ) with color Doppler ( b ) showing the whirlpool sign, with the superior mesenteric vein and mes-
entery wrapped around the superior mesenteric artery in a clockwise direction       

a b

  Fig. 2.10    Anorectal malformations. US of genital tract shows an associated didelphys uterus ( a ), while normal anat-
omy of the spinal cord on US spinal study ( b ) rules out occult myelodysplasia       
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mortality is higher after perforation, earlier 
detection of severely ischemic or necrotic loops, 
before perforation occurs, could reduce morbid-
ity and mortality in NEC (Fig.  2.11 ).

   US is the modality of choice to accurately 
diagnose or exclude  intestinal intussusception , 
determining the location (ileo-ileal or ileo-colic) 
and the type (idiopathic or secondary to the pres-
ence of a lead point), with a decisive impact on 
the therapeutic approach [ 13 ]. 

 Typical signs of intussusception are the “tar-
get” and the “pseudo-kidney” signs, respectively, 
on transverse and longitudinal planes. A small 
amount of intraperitoneal free fl uid can often be 
seen and should not preclude a non-surgical 
reduction attempt. The lower success rates of 
non-surgical reductions are related to the pres-
ence of trapped fl uid within the intussusception 
and the absence of fl ow on color Doppler in the 
intussusception wall, indicative of vascular 
impairment of the bowel (Fig.  2.12 ). When these 
signs are present enema reduction should be per-
formed with extreme caution, due to the high risk 
of perforation.

   Small bowel intussusceptions, in contrast to 
intussusceptions of the large bowel, are transient, 
asymptomatic, and relatively common. They are 
usually encountered around the periumbilical 
region, are small in diameter (less than 2 cm), and 
tend to resolve spontaneously within a few 
minutes. 

 The diagnostic role of US in  IBD  in children, 
and particularly in Crohn’s disease, continues 
to increase, as it has several advantages over 

other imaging techniques. Abdominal US is 
easily performed, readily available, and less 
expensive than other imaging modalities, and 
obviously it does not use ionizing radiation; the 
fact that ionizing radiation is not used is essen-
tial in pediatric patients with IBD, who are at 
higher risk of increased diagnostic radiation 
exposure than the general population, owing to 
repetitive imaging. Unlike with MRI, sedation, 
oral contrast, or bowel cleansing are not 
required with US. 

 Most published studies have found bowel US 
to be a valuable tool in children with suspected or 
known IBD [ 32 – 35 ]. Bowel wall thickening is 
the hallmark of intestinal disease: in the pediatric 
age group, thicknesses greater than 2.5 mm and 
2 mm, respectively, for the small and the large 
bowel are considered abnormal. A careful and 
attentive US examination also reveals the loca-
tion and extension of the involved segments, their 
vascular features on color Doppler, and the extra-
mural signs of disease, such as hyperechogenicity 
of the surrounding fat planes, regional lymphade-
nopathy, abscesses, and fi stulas; abnormal wall 
stratifi cation and abnormal peristalsis can also be 
noted (Fig.  2.13 ).

   The correlation of these fi ndings with the clin-
ical history and the laboratory data often permits 
us to narrow the differential diagnosis, thus 
directing further additional imaging. 

 Another important application of US in IBD is 
in the follow-up of patients with known disease 
to monitor treatment and to ensure early detec-
tion of intra-abdominal complications in relapse. 

a b

  Fig. 2.11    Necrotizing enterocolitis (NEC). Color Doppler sonography ( a ) shows two loops with a thickened bowel 
wall and ring pattern with increased perfusion. Thinning bowel walls ( b ) are seen in a patient with a poor outcome       
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Color Doppler US provides additional informa-
tion about disease activity and it may help to dis-
tinguish between infl ammatory and fi brotic 
bowel stenosis. 

  Appendicitis  is the most common pediatric 
surgical emergency. US often provides a reliable 
contribution to the diagnosis by supporting or 
excluding appendicitis; it is helpful in the differ-
ential diagnosis, thus avoiding unnecessary radi-
ation exposure when imaging is needed. 

 Typical signs of appendicitis include an 
aperistaltic, noncompressible, dilated appendix 
(outer diameter greater than 6 mm) and white 
target appearance in axial section, sometimes 
with appendicolith; other secondary changes 
include echogenic prominent pericecal fat and 

peri- appendicular free fl uid and/or fl uid collec-
tion. On color Doppler US, increased vascular-
ity of the appendicular wall is observed in early 
infl ammatory phases, whereas no fl ow can be 
detected if the appendix is necrotic or 
perforated. 

 Imaging is not necessary in every child sus-
pected of having appendicitis, particularly in 
boys with a clear clinical picture. Conversely, US 
is especially valuable in girls, in whom ovarian 
conditions must be considered in the differential 
diagnosis, which is diffi cult to achieve clinically. 

  Mesenteric lymphadenitis  is a self-limiting dis-
order showing infl ammation of mesenteric lymph 
nodes, caused by various types of bacteria, myco-
bacteria, and viruses. It is a common cause of 

a b

  Fig. 2.12    US study with color Doppler. Intestinal 
 intussusception with target appearance on tranverse 
plane. Note the presence of lymph nodes within the 

intussusception ( a ), with preserved vascular signal of the 
loop on color Doppler US ( b )       

a b

  Fig. 2.13    Crohn’s disease: bowel wall thickening with narrowed lumen ( a ) and hyperemia on color Doppler ( b ) of the 
terminal ileum       

 

 

F. Carfagnini et al.



27

abdominal pain in children, sometimes mimicking 
acute appendicitis. It should be noted that some 
mesenteric lymph nodes are commonly seen on 
abdominal US in pediatric patients, even in those 
who are asymptomatic, and the nodes are not nec-
essarily related to any pathological process. 

 Except for lymphoma, tumors of the small and 
large colon are rare in children. The most fre-
quent subtype of non-Hodgkin lymphoma occur-
ring in children is  Burkitt’s lymphoma , and it 
frequently affects the gastrointestinal tract, most 
commonly the ileocecal region and mesentery. 

  Burkitt’s lymphoma  has a rapid growth and 
can present with intestinal obstruction owing to 
secondary intussusception. On US it is seen as a 
mass with low or heterogeneous echogenicity, 
with low vascularity on color Doppler. 

 Several other diseases may fi rst come to atten-
tion during an abdominal US examination, 
including intraluminal conditions, such as polyps 
or abnormal content (such as in cystic fi brosis); 
bowel wall involvement in various infl ammatory 
(e.g., benign lymphoid hyperplasia), infectious 
(e.g., viral or bacterial enterocolitis), infi ltrative, 
and hematological (e.g. Henoch-Schonlein pur-
pura, graft versus host disease, neutropenic coli-
tis) conditions; or traumatic disorders. US may 
also disclose other conditions, such as hernias, 
Meckel’s diverticulum, duplication cysts, and 
other tumor and tumor-like conditions.   

2.1.4     Magnetic Resonance 
Imaging (MRI) 

 Gastrointestinal study is a relatively recent  MRI  
application. For several years, in fact, the long 
acquisition times have limited the use of MRI in 
the abdominal area, in which the study of struc-
tures with peristalsis led to low-quality diagnos-
tic images because of the presence of motion 
artifacts. The continuous technological develop-
ment of MRI, with a coil system gradient that 
currently allows us to capture images more 
quickly, is best suited to gastrointestinal study 
[ 35 ]; however, the duration of the investigation is 
still likely to require sedation in young children 
and/or in those who are non-cooperative. 

 The primary characteristic of MRI must also 
be emphasized – this is the obtaining of multipla-
nar images with high-resolution tissue contrast, 
without the use of  ionizing radiation . 

 MRI for the study of the gastrointestinal tract 
sees continuous innovations, but the clinical indi-
cations are not always well defi ned. From this 
point of view, the study of certain diseases of the 
bowel, in particular chronic infl ammatory dis-
eases, can be carried out with MRI, with its diag-
nostic performance already established in the 
literature, while MRI studies of the esophagus, 
stomach, and colon are currently considered to be 
experimental [ 36 ] (Fig.  2.14 ).  

 MRI imaging is now used for the study of 
extraluminal pathologies and for the study of 
oncological diseases. 

 The use of MRI in the study of  anorectal 
abnormalities  deserves special mention, par-
ticularly in the preoperative evaluation of the 
newborn or infant prior to defi nitive pull-
through repair surgery, and in the postoperative 
review of the older pediatric patient with con-
tinuing problems [ 27 ,  37 ]. Furthermore, when 
the radiographic or US examination is abnor-
mal, MRI can be used also to accurately depict 
the likely associated intraspinal pathology, 
such as tethered cord, caudal regression syn-
drome, hydromyelia, or a lipoma of the termi-
nal fi lum. 

 Examination during sedation or spontaneous 
sleep may provide more accurate estimation of 
the true level of an elevator sling.  

 MRI allows direct visualization of the distal 
rectum and related musculature (levator ani mus-
cle, puborectal muscle, external sphincter) with-
out additional ionizing radiation, but with 
multiplanar capabilities (Fig.  2.15 ). Associated 
lesions such as  sacrococcygeal hypoplasia  and 
lumbar spine or renal anomalies can be evaluated 
[ 27 ,  39 ]. 

2.1.4.1     Entero-MRI 
 MRI has good sensitivity and specifi city for  IBD  
in children. It is used to study the entire intestine, 
especially the small intestine, which still remains 
largely out of the range of the endoscope 
(Fig.  2.16 ).
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   The survey preparation includes fasting from 
the night before the study in larger children, and 
exclusive intake of clear liquids on the day of the 
examination. 

 Entero-MRI also requires adequate bowel 
distension, obtained through the oral adminis-
tration of contrast medium. The contrast 
medium used may be negative, positive, or 
biphasic. Biphasic media are preferred for better 
visualization of the bowel wall; they consist of 
aqueous solutions containing isoosmolar sub-
stances (polyethylene glycol) that possess the 
same intensity as the water signal, providing a 
high signal on T2-weighted sequences and a low 
signal on T1-weighted sequences. These char-
acteristics make such media ideal in a digestive 
study, creating ideal conditions for contrast res-
olution between the lumen and wall. Positive 
contrast media, which were those used in the 
past, have poor contrast resolution, and negative 

media are used for a better defi nition of the wall 
signal. 

 The fi rst acquisitions are possible after 
approximately 45 min from initiation of the con-
trast agent [ 40 ,  38 ]. 

 Pharmacologically-induced hypotonia (with 
intravenous injection of hyoscine butylbromide) 
is performed to reduce possible artifacts from the 
intestinal peristalsis and prolong the relaxation 
time of the small bowel. 

 The use of MRI in the study of  anorectal 
abnormalities  deserves special mention, particu-
larly in the preoperative evaluation of the newborn 
or infant prior to defi nitive pull-through repair sur-
gery, and in the postoperative review of the older 
pediatric patient with continuing problems [ 27 , 
 37 ]. When the radiographic or US examination is 
abnormal, then MRI can be used to accurately 
depict the likely associated intraspinal pathology, 
such as tethered cord, caudal regression syndrome, 

a b

  Fig. 2.14    Magnetic resonance imaging (MRI): axial T2-weighted image ( a ) and coronal T2-weighted image ( b ) show 
an ileal intraluminal fi lling defect (polypoid mass)       
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hydromyelia, or a lipoma of the terminal fi lum. 
Examination during sedation or spontaneous sleep 
may provide more accurate estimation of the true 
level of an elevator sling. MRI allows direct visu-
alization of the distal rectum and related muscula-
ture (levator ani muscle, puborectal muscle, 
external sphincter) without additional ionizing 
radiation, but with multiplanar capabilities 
(Fig.  2.16 ). Associated lesions such as  sacrococ-
cygeal hypoplasia  and lumbar spine or renal 
anomalies can be evaluated [ 27 ,  38 ].  

 The administration of paramagnetic contrast 
material by injection allows for proper evaluation 
of the intestinal walls; the enhancement follow-
ing injection of the contrast agent provides infor-
mation on the activity of the disease and indicates 
whether there is any hypervascularization of the 
intestinal wall, as well as helping to distinguish 
infl ammatory processes by showing fi brotic 
aspects of thickened walls. The administration of 

paramagnetic contrast material with MRI can 
provide information about the wall thickness and 
the presence of fi xed bowel loops, and can detect 
superfi cial mucosal abnormalities, creases and 
ulcerations, abnormal wall morphology, and 
extraluminal abnormalities (lymphadenopathy, 
increased mesenteric vasculature, abscesses, and 
fi stulas) [ 37 ,  40 ]. 

2.1.5       Computed Tomography (CT) 

 CT investigation involves high doses of ionizing 
radiation, and in young patients it is therefore 
reserved for cases in which it can be valuable for 
diagnostic and therapeutic purposes and for man-
agement, taking into account the  ALARA (As Low 
As Reasonably Achievable) principle , according to 
which the administration of the lowest possible 
radiation dose for the diagnostic purpose is planned. 

a b

  Fig. 2.15    Axial ( a ) and sagittal ( b ) T2-weighted MRI: 
postsurgical evaluation. Axial image shows  left-sided  
puborectalis muscle that appears as a triangle with the 

apex directed posteriorly. Sagittal T2-weighted image ( b ) 
shows the presence of an associated sacral anterior 
meningocele       
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 Because of the relative poverty of intra- 
abdominal adipose tissue, which greatly affects 
contrast between different structures, we do not 
routinely acquire CT scans without contrast 
medium, as these would lack diagnostic sensitiv-
ity. Thus, the CT scan is usually acquired only in 
the portal-venous phase, with considerable sav-
ing of the radiation dose administered to the 
patient. 

 Image acquisition during the arterial phase is 
reserved for cases where it is important to evalu-
ate the arterial vascular anatomy or where it is 
necessary to typify extensive pathologies and 
their relationships with vascular structures. 

 The images are acquired with a 5-mm layer 
thickness, and are subsequently reconstructed in 
the thinnest layer (1–2 mm), with the possibility 
of multiplanar and three-dimensional (3D) 
reconstructions. 

 CT is therefore a level II methodology, and is 
used exclusively to further elucidate radio-

graphic fi ndings and US doubts, or where more 
accurate morphological and anatomical assess-
ment is required, especially in settings of 
urgency, such as for the study of acute abdomi-
nal conditions (complications of appendicitis or 
cecal Meckel’s diverticula) or acute complica-
tions of chronic infl ammatory conditions (bowel 
perforation, fi stulas, or bleeding in  Crohn’s dis-
ease ) [ 41 ]. 

 In common clinical practice, CT angiography 
is frequently used for the evaluation of vascular 
thoracic and abdominal anatomy. A typical 
example is that of research of abnormal vessels, 
one of the most frequently represented being an 
aberrant right subclavian artery (lusoria) origi-
nating directly from the medial aortic arch 
 profi le; in these cases CT-depth investigation is 
performed after a pathological esophagogram 
shows the classic compression sign, caused by 
the abnormal blood vessel, on the rear profi le of 
the proximal esophagus (Fig.  2.17 ).

a b

  Fig. 2.16    Coronal MRI: T2-weighted dynamic FIESTA ( a ) and T1-weighted post-contrast image ( b ) show thickening 
of the terminal ileum, with important contrast enhancement       
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a b c

  Fig. 2.17    Upper gastrointestinal (UGI) lateral view ( a ) of 
the esophagus shows a pathological compression of the 
rear profi le of the proximal esophagus, confi rmed by axial 

( b ) and three-dimensional (3D) ( c ) images on computed 
tomography (CT) study       

   Another characteristic indication for CT angi-
ography is in the study of suspected stenosis of 
mesenteric vessels or other pathological condi-
tions that produce decisive changes in the normal 
vascular anatomy. Examples are portal caver-
noma, a condition of pre-hepatic portal hyperten-
sion in the pediatric age group, where portal vein 
thrombosis occurs with subsequent arterializa-
tion of the hepatic blood fl ow and the progressive 
development of portal systemic shunt in typical 
locations (Fig.  2.18 ).

   CT scans are also used in the evaluation of 
masses, especially in the thoracic region, and for 
the staging of tumors (Fig.  2.19 ); the most com-
mon form of tumor in children is undoubtedly 
Burkitt's lymphoma.

   Finally,  entero-CT  deserves particular mention. 
This is the investigation used in the evaluation of 
the extension and complications of IBD, particu-
larly Crohn’s disease, and which allows us to 
obtain a simultaneous display of both luminal and 
extraluminal pathology, such as the presence of 
fi stulae or abscesses. Adequate opacifi cation and 
distension of the bowel loops with an oral contrast 
medium (most commonly water or oral low-den-

sity barium contrast medium) is important to avoid 
the misinterpretation of normal collapsed seg-
ments for masses or wall abnormalities [ 41 – 43 ]. 

 The intravenous administration of iodinated 
contrast medium for entero-CT helps in the sub-
sequent evaluation of the extension of tumor and 
infl ammatory disease of the intestinal walls, and 
also helps in the evaluation of blood vessels and 
abdominal organs (Fig.  2.20 ).

   Pharmacologically-induced hypotonia of the 
bowel to prevent movement artifacts is not indi-
cated beacuse of the high speed of scanning of 
modern CT equipment. 

 In adult patients, entero-CT is used in both 
the acute setting of acute small bowel obstruc-
tion and in the elective situation with respect to 
IBD and the investigation of small bowel tumors. 
However, its use in children has remained lim-
ited due to the  radiation burden , and MRI of the 
small bowel is now the preferred technique in 
children. 

 The benefi ts of CT when compared with MRI 
include better spatial resolution, fewer motion-
related artifacts, increased availability, reduced 
cost, and shorter examination time. The benefi ts 
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a

c

b

  Fig. 2.18    Axial and coronal CT images show the presence of portal cavernoma ( a ) and collateral venous vessels due to 
a portal systemic shunt ( b ,  c )       
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  Fig. 2.19    Coronal CT image shows an esophageal 
duplication       

a b

  Fig. 2.20    Axial ( a ) and coronal ( b ) CT images show a pathological thickening of the terminal ileum       
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of MRI include better contrast resolution and the 
lack of ionizing radiation. It should be remem-
bered that Crohn’s disease is a chronic disease 
and any such patient is likely to be imaged more 
than once, so the cumulative radiation dose must 
be considered by the pediatric radiologist in this 
context. Recent studies have demonstrated simi-
lar sensitivities for CT and MRI in the detection 
of small bowel Crohn’s disease [ 41 – 45 ].      
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      Diagnostic and Therapeutic 
Endoscopy                     

     Giovanni     Di Nardo     ,     Giuseppe     Pagliaro    , 
and     Andrea     Pession   

3.1          Introduction 

3.1.1     Pre-procedure Preparation 

 Physiologic issues (the emotional and psychoso-
cial well-being of both patients and their caregiv-
ers) have an important role in preparation for 
endoscopy in pediatric patients. Informed consent 
should be obtained from a parent or guardian or 
from older children when appropriate. According 
to the American Academy of Pediatrics (AAP), a 
pre-procedure health evaluation specifi c to 
elective procedures should be obtained, and it 
includes a health history, American Society of 
Anesthesiology score of physical status, medica-
tion history, allergy assessment, age, weight, and 
baseline vital signs. A physical examination 
including a focused assessment of the heart, cir-
culation, lungs, head, neck, and airway should be 

performed. Laboratory tests are not required in 
the pre-procedure assessment and need only be 
performed for clinical indications. 

 Endocarditis prophylaxis should be consid-
ered in patients with congenital heart disease; in 
particular, those with signifi cant valve lesions 
and those with surgically placed shunts or artifi -
cial material in their circulation. Routine endos-
copy with or without biopsy does not warrant 
antibiotic prophylaxis. 

 The AAP guideline on sedation in pediatric 
patients, with presumed normal gastric emptying, 
advises fasting for a minimum of 2 h after ingest-
ing clear liquids, from breast milk for 4 h and 
from formula, nonhuman milk, and solids for 6 h 
before elective sedation. The risks of sedation 
without appropriate fasting in emergent cases 
must be weighed against the necessity for the 
procedure and the expected benefi t.  

3.1.2     Intra-procedural Sedation 
and Monitoring 

 Almost all gastrointestinal (GI) procedures in chil-
dren are performed using endoscopist- administered 
moderate sedation or anesthesiologist- administered 
deep sedation and general anesthesia to ensure 
patient safety and comfort. Premedication with 
either oral (0.5 mg/kg) or intranasal (0.2 mg/kg) 
midazolam allows easier intravenous line 

        G.     Di Nardo      (*) 
  Pediatric Gastroenterology Unit ,  International 
Hospital Salvator Mundi ,   Rome ,  Italy   
 e-mail: giovanni.dinardo3@alice.it  

    A.   Pession    
  Pediatric Units ,  S. Orsola-Malpighi Hospital, 
University of Bologna ,   Bologna ,  Italy    

    G.   Pagliaro   
  Pediatric Gastroenterology Unit , 
 Sapienza, University of Rome ,   Rome ,  Italy    

  3

mailto:giovanni.dinardo3@alice.it


38

 placement and division from parents particularly in 
selected group of children with a high level of anxi-
ety before sedation. 

 Routine oxygen supply is a low-cost, high- 
benefi t practice because data suggest that a sig-
nifi cant number of children could have transient 
apnea and oxygen desaturation during sedation 
for endoscopy. 

 Although the short duration of most  endoscopic 
procedures does not contribute to dehydration or 
hypothermia, children should be well draped, and 
room temperatures should be appropriately 
adjusted to avoid these possibilities. 

 Neurologically impaired patients can be par-
ticularly susceptible to benzodiazepines and opi-
ate/benzodiazepine associations. Administration 
of sedation in children should always be weight 
based and usually titrated by response, allowing 
adequate time between doses to assess effects 
and the need for additional medication. Higher 
relative doses may be fi nally required in the pre-
school, elementary, and pre-teenage groups com-
pared with teenage patients. 

 The AAP guidelines recommend continuous 
pulse oximetry and heart rate monitoring at all 
levels of sedation by a dedicated trained atten-
dant who is specifi cally assigned to monitor the 
patient’s vital signs. Most pediatric gastroenter-
ologists are well trained and certifi ed to provide 
moderate sedation, and most procedures can be 
safely performed outside the operating room. 
However, because the high frequency of progres-
sion to deep sedation, personnel trained specifi -
cally in pediatric rescue maneuvers including 
airway management and pediatric advanced life 
support should be readily available. 

 All supplies necessary to rescue any child 
experiencing cardiovascular complications dur-
ing a procedure should be readily available in any 
unit performing pediatric procedures.  

3.1.3     Post-procedure Monitoring 
and Discharge 

 After conclusion of endoscopic procedures, chil-
dren should be monitored for adverse effects of 

the endoscopy or sedation. Vital signs and oxy-
gen saturation should be monitored at specifi c 
intervals. The child should be easily awake, pro-
tective refl exes should be intact, and speech and 
ambulation appropriate for age should have 
returned to pre-sedation levels. Patients who 
have received reversal agents (e.g., fl umazenil, 
naloxone) may require longer periods of obser-
vation as the half-life of the sedative may exceed 
that of the reversal medication leading to 
resedation. 

 Before discharge, specifi c written and verbal 
instructions and information should be given to a 
parent, legal guardian, or other responsible adults. 
This should include signs and symptoms of poten-
tial adverse events, steps to follow in the event of an 
adverse event, and a phone number at which 24-h 
coverage is available. Special instructions to observe 
the child’s head position to prevent airway occlu-
sion should be given in cases in which the child will 
travel in a car seat. In such cases, it may be prefer-
able to have more than one adult who accompanies 
the child on the day of the procedure. 

 In this chapter, we will describe technique, 
indication, and potential complications of the 
main diagnostic and therapeutic endoscopic 
procedures available for pediatric population 
[ 1 – 3 ].    

3.2    Esophagogastroduodenoscopy 

3.2.1     Indications and Contraindications 

 Common indications for esophagogastroduode-
noscopy (EGDS) in children are summarized in 
Table  3.1 . Diagnostic EGDS may be specifi cally 
indicated to evaluate common pediatric conditions 
such as allergic, infectious, or peptic esophagitis, 
infectious or infl ammatory gastritis, and celiac dis-
ease. Infants and children are unlikely to localize 
their symptoms to the upper GI tract; a number of 
nonspecifi c signs and symptoms (failure to thrive, 
unexplained irritability, and anorexia) may moti-
vate upper endoscopy in young children.

   Two other common pediatric diseases that 
may require endoscopy are the ingestion of 
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 foreign bodies and caustic substances. The proto-
col for endoscopic evaluation of foreign body 
 ingestion is similar to that in adults and has been 
well described elsewhere. Compared with stan-
dard practice in adults, it is generally recom-
mended that foreign body removal in children 
should be done while they are under general 
anesthesia with endotracheal intubation to pro-
tect the airway from aspiration. Emergent foreign 
body removal in children is indicated for any 
symptomatic esophageal foreign body and for 
asymptomatic esophageal button batteries 
because of the high risk of esophageal tissue 
necrosis and risk of fi stula formation. Another 
increasingly common indication for emergent 
foreign body removal in children is ingestion of 
powerful magnets, often manufactured as toys. 
Ingestion of two or more magnets has been 
associated with signifi cant risks of obstruction, 
perforation, and fi stula development of the 
upper and lower GI tracts, necessitating surgi-
cal intervention and even bowel resection. An 
algorithm to assist emergency department phy-
sicians and gastroenterologists in providing 
timely care, including endoscopic removal of 

magnets, was recently published and endorsed 
by the North American Society of Pediatric 
Gastroenterology, Hepatology, and Nutrition. 

 In cases of witnessed ingestion of caustic sub-
stances in which patients are manifesting symp-
toms, upper endoscopy should be performed to 
assess for esophageal, gastric, and duodenal injury. 
Universal performance of EGD in the setting of 
unwitnessed caustic ingestion without evidence of 
oropharyngeal injury is controversial, especially in 
asymptomatic patients. However, there is a well-
recognized lack of correlation between symptoms 
of caustic ingestion and degree of esophageal 
injury. Endoscopy within 24 h of caustic ingestion 
is usually considered safe and provides important 
prognostic information. 

 EGDS is usually not recommended in infants 
for the evaluation of uncomplicated gastroesoph-
ageal refl ux disease (GERD) or congenital hyper-
trophic pyloric stenosis. It is also generally not 
indicated in older children for evaluation of func-
tional GI disorders, including self-limited 
abdominal pain. 

 Upper endoscopy is a safe procedure in other-
wise healthy children 1 year of age and older, 
although discharge instructions should address 
sore throat and hoarseness, which may occur after 
the procedure in as many as one third of patients. 

 There are few contraindications to perform 
endoscopic procedures in children. The size of 
the patient is rarely a contraindication, and upper 
endoscopic examinations can be performed 
safely in neonates as small as 1.5–2 kg. Relative 
contraindications include coagulopathy, neutro-
penia, and unstable cardiopulmonary disease. In 
patients with these conditions, it is important to 
ascertain whether the benefi ts of performing the 
procedure outweigh its risks.  

3.2.2     Equipment Requirements 

 The technical aspects of performing upper 
endoscopy are essentially the same in children 
and adults. The main difference is the smaller 
endoscopy equipment necessary to evaluate the 
smaller and more angulated anatomy of infants 

   Table 3.1    Common indications for upper endoscopy in 
children   

  Diagnostic  
 Dysphagia 
 Odynophagia 
 Intractable or chronic symptoms of GERD 
 Vomiting/hematemesis 
 Persistent epigastric pain 
 Unexplained irritability 
 Anorexia 
 Weight loss/failure to thrive 
 Anemia (unexplained) 
 Diarrhea/malabsorption (chronic) 
 Gastrointestinal bleeding 
 Caustic ingestion 
  Therapeutic  
 Foreign-body removal 
 Stricture dilation 
 Esophageal variceal ligation 
 Upper GI bleeding control 

  Adapted by Ref. [ 1 ]  
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and young children. The newborn esophagus 
measures 8–10 cm in length and approximately 
5 mm in diameter. In addition, the antrum and 
proximal duodenum may be more angulated in 
young children. Although standard adult endo-
scopes are generally safe in children weighing 
more than 25 kg, there are a number of com-
mercially available endoscopes less than 6 mm 
in diameter with the necessary tip defl ection 
that should be used in infants and children 
weighting less than 10 kg (Table  3.2 ). 
Gastroscopes ≤6 mm are recommended in chil-
dren below 2.5 kg and preferred in children 
below 10 kg. Standard adult gastroscopes may 
be considered in children of 2.5–10 kg only if 
endotherapy is required. In children above 
10 kg, standard adult gastroscopes can be toler-
ated. The main limiting factor with all pediatric 
endoscopes is the small working channel 
(2.0 mm) that makes suctioning more diffi cult 
and limits their use for therapeutic maneuvers. 
Table  3.3  lists equipment compatible with most 
of pediatric endoscopes.

3.2.3         Technique 

 The patient lies on the left side with the chin 
tucked against the chest and the bite guard placed 
between the teeth. Several methods can be used 
to insert the endoscope. The safe way is under 
direct vision. 

 Under direct vision (Fig.  3.1a, b ), the instru-
ment tip is advanced to the larynx, and the open 
glottic aperture is visualized (Fig.  3.1c ). A slit can 
be recognized between the posterior wall of the 
hypopharynx and the cuneiform and corniculate 
tubercles (Fig.  3.1d ). This slit leads to the upper 
esophageal sphincter, which curves gently around 
the posterior side of the cricoid cartilage. The 
instrument tip should pass a little to the left or right 
of the midline (Fig.  3.1e ), taking care not to devi-
ate into either piriform recess. The esophageal 
lumen becomes visible for a brief moment, and the 
tip is advanced into the esophagus (Fig.  3.1f ).

   In the blind insertion method, the endoscope is 
fi rst passed over the base of the tongue toward the 
hypopharynx under external visual control. Care is 
taken that the endoscope tip is not retrofl exed 
toward the nasopharynx and does not deviate to 
the left or right into the piriform recess. The instru-
ment tip can be gently advanced just to the introi-
tus of the upper esophageal sphincter. Following 
initial resistance, a distinct “give” is felt as the 
endoscope slips into the upper esophagus. Once 
the instrument tip is within the esophagus, the 
insertion is continued under endoscopic vision. 

 In both methods (blind and direct vision inser-
tion), there is always a short segment of the 
esophagus that must be traversed without vision. 

   Table 3.2    Neonatal and pediatric gastroscopes   

 Manufacturer  Model 
 Insertion tube (length/
diameter, mm) 

 Defi nition/magnifi cation/color 
enhancement 

 Biopsy 
channel 
(diameter, 
mm) 

 Olympus  GIF-N180  1100/4.9  Standard/none/NBI  1/2.0 
 GIF-XP 180N  1100/5.5  Standard/none/NBI  1/2.0 

 Fujinon  EG530N  1100/5.9  High-defi nition/zoom/  1/2.0 
 EG530NP  1100/4.9  High-defi nition/zoom/  1/2.0 

 Pentax  EG1690K  1100/5.4  Standard/zoom/iSCAN  1/2.0 
 EG1870K  1050/6.0  Standard/zoom/iSCAN  1/2.0 

  Adapted by Ref. [ 2 ] 
  NBI  narrow-band imaging  

   Table 3.3    Equipment compatible with pediatric 
endoscopes   

 Small biopsy forceps 
 Small polyp snare 
 Pediatric roth net 
 Small alligator forceps 
 Small rat-tooth forceps 
 Small injection needle 
 Small argon plasma coagulator probe 
 Two-prong graspers 

  Adapted by Ref. [ 2 ]  
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 The upper esophageal sphincter appears as a 
lip-shaped eminence surrounding a transversely 
oriented, slit-like lumen. The cervical esophagus 
is a straight, collapsed tube that appears largely 
featureless at endoscopy. Air insuffl ation distends 
it to a round, symmetrical lumen that is affected 
very little by respiratory movements. 

 The aorta indents the middle esophagus from 
the lateral side and runs almost horizontally as it 
crosses the esophagus. The left main bronchus 
indents the esophagus from the anterior side just 
below the aortic arch. In the endoscopic image, it 
runs obliquely downward in a counterclockwise 
direction. The aorta and bronchus could not be 
always recognized. Unusual shapes are occasion-
ally noted in thin patients. 

 The retrocardiac esophagus appeared just 
below the middle esophageal constriction. This 
portion of the esophagus is compressed anteri-
orly by the left atrium and posteriorly by the 
aorta, resulting in an elliptical lumen. Distinct 
pulsations could be documented. 

 The lumen of the distal esophagus again 
appears round and symmetrical. The lower 
esophageal constriction is visible in the distance. 
The muscular contraction and accompanying 
venous plexus create a typical endoscopic picture 
of longitudinal folds with concentric luminal 
narrowing. 

 Endoscopy is the best procedure to evaluate 
the gastroesophageal junction. The endoscopist 
identifi es and evaluates the sphincter itself, the 
diaphragmatic hiatus in relation to the incisor 
teeth, and the transitional region between the 
squamous epithelium of the esophagus and the 
columnar epithelium of the stomach, which are 
separated by a visible junction called the Z-line. 
It has an important role to assess whether the 
lower esophageal sphincter is competent or 
incompetent, although this assessment varies 
considerably among different examiners. 

 The fi rst region that is seen after entry is the 
junction of the fundus and body of the stomach. 
To improve vision, air is insuffl ated, the lesser 
curvature being on the right and the angulus in 
distance. When liquids are present, suction is 
used to reduce aspiration risk. At this point, it is 
better to rapidly progress in the duodenum to 
avoid traumatic lesions and the overinfl ation 
required for retrovision. Progression is made 
with a clockwise rotation of 90°, bending the tip 
upward (Fig.  3.2a ). This double maneuver brings 
the pylorus into view. To put the pylorus in the 
antrum axis, the tip is angled down. The shaft is 
then advanced toward the pylorus, which will 
open with the help of air insuffl ation. The intuba-
tion of the pylorus is achieved with the tip slightly 
bent down and right. A view of pale mucosa of 
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  Fig. 3.1    Endoscopic view showing the different phases of the under vision insertion method       
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the bulb is achieved by withdrawal and air insuf-
fl ation, the anterior wall placed to the left and the 
posterior wall to the right. The superior duodenal 
angle is visualized before passage to the second 
portion of the duodenum. This progression is 
usually carried out blindly because of the sharp 
angle and needs to be made with care. Pushing 
will bring the tip in front of the duodenal angle; it 
is then bent to the right and up (Fig.  3.2b ). At last, 
withdrawal is normally necessary to obtain an 
optimal view, because of the paradoxically pro-
gression of the endoscope owing to the straight-
ening of the gastric loop (Fig.  3.2c ). Sometimes, 
rectifi cation of the last maneuver is needed with 
defl ection of the tip upward and to the left.

   During the withdrawal, a careful mucosal exami-
nation is performed using circumferential move-
ments with air insuffl ation to provide a well-distended 
mucosa and to improve visualization of possible 
small lesions. A retrovision maneuver in the stom-
ach is the best way to fully visualize the fundus, the 
lesser curvature, and the cardia (Fig.  3.3 ). While it is 
in the back portion of the proximal antrum, a 180–
210° angulation is necessary to bring into the view 
the angulus and the lesser curvature (Fig.  3.3a ). 
Keeping the angulation, a 180° rotation around the 

shaft’s axis will permit visualization of the greater 
curve and the fundus (Fig.  3.3b–e ). A key difference 
between pediatric and adult diagnostic procedures is 
that routine tissue sampling (usually performed dur-
ing the withdrawal phase) is performed in children 
from at least the duodenum, stomach, and esopha-
gus during EGDS. It is standard pediatric endoscopy 
practice to obtain biopsy specimens, even in the 
absence of gross abnormalities, because the risks of 
sedation and performing repeat endoscopy in pediat-
ric populations are considered to outweigh the risks 
of obtaining biopsy specimens. Several studies have 
also shown that it may be particularly diffi cult to rule 
out clinically signifi cant disease based only on endo-
scopic appearance of the upper GI tract in children, 
and biopsies during pediatric EGDS are generally 
considered necessary even in the absence of any 
macroscopic endoscopic fi ndings.

3.2.4        Complications 

 Although about one third of pediatric patients 
presented sore throat or hoarseness after EGDS 
under general anesthesia, all other reported com-
plications are uncommon particularly (less than 

a b c

  Fig. 3.2    Schematic view of the endoscopic maneuvers 
required for advancing the endoscope in the stomach and 
duodenum. ( a ) Progression is made with a clockwise rota-
tion of 90°, bending the tip upward; ( b ) pushing will bring 

the tip in front of the duodenal angle; it is then bent to the 
right and up; ( c ) withdrawal is necessary to obtain an opti-
mal view, because of the paradoxically progression of the 
endoscope owing to the straightening of the gastric loop       
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1 %) when performed by well-trained pediatric 
equip. They are mostly related to the anesthesia 
and infrequently to the procedure itself. Hypoxic 
episodes and aspiration are always possible under 
deep sedation. Allergic patients could react to the 
medications or to the latex. Finally, rare compli-
cations are hypotension, arrhythmia, and malig-
nant hyperthermia. 

 Complications related to the endoscopic pro-
cedure include perforation, parietal hematoma, 
embolism, and infection. Perforation principally 
involves the esophagus; it is due to therapeutic 
endoscopy and its signs could appear with some 
delay. To minimize this risk, it is mandatory to 
never push forward without vision. In case of 

suspected perforation, surgical referral is urgent 
to choose a conservative or a surgical approach. 
Intramural duodenal hematoma has been 
described after endoscopic biopsies and occurs 
more frequently in children than in adults. The 
clinical presentation mimics abdominal occlu-
sion, it is frequently associated with pancreatitis 
and always resolves spontaneously between 4 
days and 2 weeks with fasting nasogastric suction 
and fl uid replacement. Surgical drainage is 
unnecessary and therefore contraindicated. Fatal 
massive embolism has been reported in two chil-
dren with Kasai procedure because of potential 
vessel leakage. Infectious complications can 
result from the patient’s own fl ora, from patient 
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  Fig. 3.3    Schematic ( a ,  b ,  c ) and endoscopic view ( d ,  e ) of the retrovision maneuver       
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to patient by the endoscope and between the 
patient and the staff. This seems rare and can be 
seen in cardiac-risk patients; therefore, prophy-
lactic antibiotics are suggested only to selected 
patients [ 4 ,  5 ].   

3.3     Colonoscopy 

3.3.1     Indications and Contraindications 

 In the last years, colonoscopy has become a 
routine procedure also for pediatric patients. It 
is safely used in all groups of children, includ-
ing newborns. Common indications for colo-
noscopy are shown in Table  3.4 . There is no 
pediatric colon cancer screening guideline, and 
therefore patient volume of pediatric colonos-
copies at the population level is far lower than 
that of adults. Uncommon, but nevertheless 
critically important, indications for colonos-
copy in children include surveillance for neo-
plasia in children with long-standing 
infl ammatory bowel disease and hereditary pol-
yposis syndromes as well as for graft-versus-
host disease.

   Colonoscopy is not recommended in children 
with acute self-limited diarrhea, stable recog-
nized irritable bowel syndrome, chronic nonspe-

cifi c abdominal pain, constipation with or without 
impaction, and infl ammatory bowel disease that 
is responding to treatment. 

 There are few contraindications to perform 
colonoscopy in children. The size of the patient is 
rarely a contraindication, and lower endoscopic 
examinations can be performed safely in neonates 
as small as 1.5 to 2 kg. Diagnostic colonoscopy is 
absolutely contraindicated in anyone with fulmi-
nant colitis, toxic megacolon, or suspected perfo-
rated bowel. Recent intestinal resection represents 
a possible contraindication to the examination. 
Relative contraindications include coagulopathy, 
neutropenia, and unstable cardiopulmonary dis-
ease. In patients with these conditions, it is impor-
tant to ascertain whether the benefi ts of performing 
the procedure outweigh its risks.  

3.3.2     Equipment Requirements 

 Although the instruments are similar, pediatric 
colonoscopy is different from adults in many 
aspects such as preparation, sedation, technique, 
and spectrum of therapeutic manipulations. First 
at all, in contrast to adults, endoscopic examina-
tions in children are usually performed under deep 
sedation or general anesthesia to reduce emotional 
stress caused by separation from parents and the 
preparation for the procedure itself. Moreover, in 
children, colonoscopy is usually performed by 
specialized pediatric gastroenterologists. However, 
surgeons or adult gastroenterologists may be con-
sulted for advanced or therapeutic endoscopy in 
pediatric patients. Knowledge of the equipment 
available for use in smaller patients, primarily 
those weighing less than 10–15 kg, is required. 

 Pediatric colonoscopes have variable insertion 
tube lengths (133–170 cm), shaft diameters (9.8–
11.8 mm), and channel size (2.8–3.8 mm). Pediatric 
colonoscopes with a shaft that can be stiffened as 
needed are also available. These variable- stiffness 
colonoscopes were designed to improve the ease of 
insertion by reducing looping in more mobile sec-
tions of bowel with the ability to maintain fl exibil-
ity in more fi xed sections. There are no published 
data to support colonoscope choice in children, but 

   Table 3.4    Common indications for colonoscopy in 
children   

  Diagnostic  
 Chronic or profuse diarrhea 
 Lower GI bleeding 
 Polyposis syndrome (diagnose and surveillance) 
 Failure to thrive/weight loss 
 Lower GI tract lesions seen on imaging studies 
 Rejection of intestinal transplant 
 Abdominal pain (clinically signifi cant) 
  Therapeutic  
 Polipectomy 
 Stricture dilation 
 Hemostasis 
 Foreign-body removal 

  Adapted by Ref. [ 1 ]  
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recommendations based on experience state that 
the lower weight limit for the use of a standard 
adult or pediatric colonoscope is 12–15 kg. In chil-
dren weighing between 5 and 12 kg, colonoscopy 
can be performed by using infant or standard adult 
gastroscopes. Children weighting less than 5 kg 
may undergo successful ileocolonoscopy with 
ultrathin gastroscopes, although this can be techni-
cally challenging because of the fl exibility of the 
insertion tube. Pediatric colonoscopes with a work-
ing channel of 2.8 mm will not accommodate 
larger accessories (e.g., jumbo biopsy forceps).  

3.3.3     Bowel Preparation 

 Bowel cleansing for colonoscopy in pediatric 
patients must prioritize safety and compliance 
and should take into account patient’s age, clini-
cal status, and anticipated willingness or ability 
to comply. To date, bowel preparation regimens 
for children have not been standardized and vary 
greatly among medical centers and individual 
practitioners. Ingestion of clear liquids for 24 h 
and a normal saline solution enema (5 mL/kg) 
may be suffi cient for infants younger than 2 years 
of age. For children older than 2 years of age, 
cleansing can be accomplished with intestinal 
lavage by using osmotic agents, such as polyeth-
ylene glycol solutions with and without electro-
lytes, dietary restrictions, and stimulant laxatives, 
such as senna and bisacodyl, and/or enemas. 

 Polyethylene glycol with electrolytes is used 
as the primary agent for bowel cleansing; most 
children will require approximately 80 mL/kg of 
the solution. Most will also be unlikely to ingest 
suffi cient volume because of its noxious taste. 
Administration of polyethylene glycol with elec-
trolytes via a nasogastric tube in a hospital setting 
for 24 h before the procedure is a safe and appro-
priate treatment, especially in children younger 
than 6 years of age. PEG-3350 without electro-
lytes in doses as much as 10 times higher than 
those recommended for standard treatment of 
constipation is emerging as the preparation of 
choice in many pediatric units. Several studies 
have reported on the safety and effi cacy of 4-day 

bowel preparations by using PEG-3350 without 
electrolytes in children. 

 We have recently confi rmed that low-volume 
PEG preparations and sodium picosulphate plus 
magnesium oxide plus citric acid preparations 
(NaPico + MgCit) are a good alternative to the 
standard PEG solutions for bowel preparation in 
children due to their comparable safety and effi -
cacy profi le. Moreover, NaPico + MgCit-based 
preparations appeared to be more tolerated, rep-
resenting a promising regimen for bowel prepara-
tion in children [ 6 ,  7 ].  

3.3.4     Technique 

 Patient is placed in the left lateral decubitus posi-
tion. Complete colonoscopy can be performed 
successfully in the majority of children. Many 
factors can infl uence and complicate the proce-
dure, e.g., redundant large intestine, improper 
preparation, or previous surgeries. General prin-
ciples of a safe and effective colonoscopy include:

•    The intubated colon adopts confi guration and 
shape according to manipulations and move-
ments with the colonoscope, and the pattern of 
these changes are predictable, as well as the 
direction in which the colonoscope tip should 
be moved.  

•   Rotation, twisting, withdrawal, defl ation, and 
simultaneous to and from movements of the 
shaft will prevent formation of big loops 
(Fig.  3.4 ), mesenteric stretching, and related 
abdominal pain and discomfort.

•      Excessive insuffl ation leads to overdistension 
and diminishes ability to telescope the bowel.  

•   Excessive pushing forward creates more prob-
lems than benefi ts.    

 The principles of pediatric colonoscopy are 
similar to those in adults, but should be more 
acute because of the child’s small stature and 
angulations. In the child, it is frequently possible 
to palpate a loop of the scope in the abdomen, a 
clue that instrument withdrawal and straighten-
ing are needed. Meticulous attention to technique 
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is required in children because the colon wall is 
thin, and, in the presence of anesthesia using pro-
pofol, there should not be any noticeable  feedback 
from the patient that would provide a clue as to 
pain or discomfort from an overstretched mesen-
tery or overdistended bowel. 

 The key to effective colonoscopy is to minimize 
pain and discomfort. It is critical to try and keep the 
lumen of the bowel in sight knowing where the tip 
of the colonoscope is and trying to keep the colo-
noscope straight with avoidance of loops. 

 The mucosal pattern of the colon is best studied 
as the instrument is slowly withdrawn. However, 
we believe that it is important to carefully pay 
attention at the mucosa while advancing forward, 
since trauma could sometimes occur to the mucosa 
with the passage of the instrument, and, if abnor-
malities are not identifi ed beforehand, one is 
always left wondering whether what one sees is 
due to colonoscopy vs. the underlying pathology. 

 An additional difference between pediatric 
and adult diagnostic procedures is that routine 
tissue sampling is performed in children from at 
least from the colon and terminal ileum.  

3.3.5     Complications 

 The potential risks and complications of colonos-
copy include bleeding, perforation, infection, and 

diffi culties with sedation (such as paradoxical 
reaction to the agent used). 

 Bowel perforation and hemorrhage related 
to pediatric colonoscopy are serious but rare 
complications. During diagnostic colonos-
copy, the estimated frequency of colonic per-
foration, most commonly in the sigmoid, is in 
the range of 0.2–0.8 %. The frequency is 
higher with therapeutic colonoscopy proce-
dures such as polypectomy but is still compar-
atively rare ranging from 0.5 to 3 %. Mortality 
is extremely low and should be substantially 
less than 0.2 %.   

3.4     Capsule Endoscopy 

3.4.1     Introduction 

 Since 2001, when it was introduced, capsule 
endoscopy (CE) has become widely adopted as a 
clinical tool in the evaluation of small bowel dis-
ease. Though the fi rst pediatric studies were initi-
ated in that year, marketing clearance for CE in 
pediatric patients 10 years of age and older by the 
US Food and Drug Administration, the Health 
Canada, and the European Medical Agency did 
not occur until 2003. Supported by additional 
experience in children as young as the age of 
10 months, the Food and Drug Administration 

a b c

  Fig. 3.4    Schematic view of the loops that may form during colonoscopy. N-loop ( a ), alpha-loop ( b ) and gammaloop ( c )       
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(FDA) expanded the role for CE for the use in 
children ages 2 years and older in 2009, approved 
the use of a patency capsule for this same age 
group, and has now approved mucosal healing as 
an additional indication. 

 Because CE avoids ionizing radiation, deep 
sedation, or general anesthesia required by other 
imaging methods, CE has the potential to be par-
ticularly valuable in pediatrics. Most of the small 
bowel has been inaccessible for mucosal evalua-
tion, and much of our knowledge of small bowel 
disorders has been dependent on laboratory 
manifestations which are often surrogate mark-
ers, radiographic studies which provide indica-
tions of more advanced disease and surgical/
pathological teachings that provide much infor-
mation about severe conditions but a limited 
understanding of their prelude and potential for 
medical treatment. The recent developments 
with deep enteroscopy are diffi cult and invasive 
in children and as yet insuffi ciently evaluated 
with the indication for their use often abnormali-
ties that are initially seen on the less invasive CE. 

 In many ways, this fi rst decade of small intes-
tinal CE has presented the equivalent of the 
expansion of knowledge that occurred when tradi-
tional endoscopy was introduced. Then, clinicians 
began to realize the different visual manifesta-
tions of gastroduodenal and colonic diseases that 
could not be appreciated radiologically or patho-
logically. Additionally, visual fi ndings were grad-
ually able to be explained and then associated 
with known conditions. The same appears true 

now for capsule endoscopy. Suspicious nonspe-
cifi c lesions and bulges seen with CE are being 
further explained when pathologic samples are 
obtained with biopsy or surgical removal.  

3.4.2     Small Bowel Capsule 

3.4.2.1     Indications and Contraindications 
 Guidelines have been promulgated regarding the 
indications for CE use by societies such as the 
American Society for Gastrointestinal Endoscopy. 

 In pediatrics, the suspicion of CD and evalua-
tion of existing infl ammatory bowel disease 
(IBD) are the most common indications, fol-
lowed by obscure/occult gastrointestinal bleed-
ing (OGIB), abdominal pain/diarrhea, and 
polyposis (Fig.  3.5 ). Even within the pediatric 
population, clinical indications are age-stratifi ed 
(Table  3.5 ). The approved indications for the 
pediatric and adult populations may expand as 
the broader utility of the capsule is recognized. 
Already, the capsule is useful to diagnose allergic 
disorders, a newly recognized enteropathy in cys-
tic fi brosis, and to evaluate unrecognized causes 
of abdominal pain. The capsule could be used in 
monitoring medical therapy in Crohn’s disease 
and graft- versus- host disease. The fi nding of 
jejunal lesions in ulcerative colitis and the use of 
the capsule to differentiate patients thought to 
have indeterminate colitis (IBD-U) and nonspe-
cifi c colitis prove to be valid uses of CE espe-
cially before a colectomy is performed. Though 
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  Fig. 3.5    Capsule endoscopic fi ndings of small bowel polyp ( a ), ulcers ( b ) and active bleeding from Angiodysplasia ( c )        
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CE may not change the decision regarding sur-
gery (though it has done that), CE may alter the 
type of surgery that is performed. Additionally, 
diagnostic algorithms based on CE results have 
been employed in selected intestinal motility dis-
orders and suggest that wider application of CE 
are likely, expanding the thoughtful use of this 
modality.

   CE is contraindicated in pregnancy, patients 
with known or suspected gastrointestinal 
 obstructions, strictures or fi stulas, Zenker’s diver-
ticula, small bowel motility abnormality, docu-
mented surgical ending blinding loop, cardiac 
 pacemakers, or other implantable electromedical 
devices. Despite this last indication, recent stud-
ies have shown that the clinical use of capsule 
endoscopy is safe in patients with implantable 
cardioverter defi brillators (ICDs), and even when 
the capsules were in closest proximity to the 
ICDs, no interference was observed. 

 The main limitations of CE include its lack of 
therapeutic capabilities (including biopsy), the 
inability to control its movement, its high rate of 
incidental fi ndings, diffi culty in localizing iden-
tifi ed lesions (because of the impossibility to 
wash out the lesion or reexamined it), and the 
potential to miss single-mass lesions. Certain 
segments of the SB, such as the second portion 
of the duodenum or the terminal ileum, may not 
be seen well by the capsule and therefore have 
limited diagnostic accuracy. Accuracy can be 
also decreased by the obscuration of the lens by 
food, bile, or stools. Moreover, despite the 
expected life span of ~8 h, the capsule battery 
may run out before the entire small bowel is 
visualized, particularly in cases of delayed small 
bowel transit time.  

3.4.2.2     Technical Aspects 
 CE is a painless noninvasive diagnostic proce-
dure that is performed by swallowing a capsule. 

 The original mouth to anus (M2A) capsule 
endoscope (PillCam SB, Given Imaging) has 
three components: a capsule “endoscope” an 
external receiving antenna with attached portable 
hard drive, and a customized PC workstation 
with a dedicated software for review and inter-
pretation of images M2A capsule which weights 
3.7 g and measures 11 mm in diameter × 26 mm 
in length. The slippery coating of the capsule 
allows easy ingestion and prevents adhesion of 
lumen contents, whereas the capsule moves via 
peristalsis from the mouth to the anus. The cap-
sule includes a complimentary metal oxide sili-
con (CMOS) chip camera of 256 × 256 pixels, a 
short focal length lens, 4–6 white light-emitting 
diode (LED) illumination sources, two silver 
oxide batteries, and a UHF band radio telemetry 
transmitter. 

 Image features include a 140° fi eld of view, a 
1:8 magnifi cation, a 1–30 mm depth of view, and 
a minimum size of detection of about 0.1 mm. 
The activated M2A capsule provides images at a 
frequency of two frames per second until the bat-
tery expires after 7 ± 1 h, which enables the device 
to take up to 55,000 .jpg images during 8-h pro-
cedure. The pictures are transmitted via an eight- 
lead sensor array, arranged in a specifi c fashion 
on the patient’s belly, to a recorder, which is worn 
on a belt. The recorder is downloaded into a 
Reporting and Processing of Images and Data 
computer workstation and seen as a continuous 
video fi lm. 

 Now in its second generation, PillCam SB 2 
has the same dimension as the previous PillCam, 

   Table 3.5    Clinical indications for CE by age   

 Adult  Pediatric  Age <8 years 

 Procedures ( n )  22,840  1013  83 
 OGIB + IDA (%)  66  15  36 
 CD/UC/IC (%)  10  63  24 
 Abdominal pain (%)  11  10  14 
 Polyps/neoplasms (%)  3  8  - 
 Others (%)  10  4  25 

   CD  Crohn’s disease,  IDA  iron defi ciency anemia,  OGIB  obscure gastrointestinal bleeding,  IC  indeterminant colitis,  UC  
ulcerative colitis  
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but it has an angle of view of 156°. The wider 
angle of view permits to cover more than double 
the visualized mucosal surface area; therefore, 
the entire circumferences of the intestinal folds 
can be visualized. 

 Moreover, the second-generation capsule 
includes a three-lens system, an automatic light 
exposure sensor to improve the optics. An 
improved method to process the digital informa-
tion produces images with uniform exposure to 
light with a higher image resolution and a better 
sharpness of the mucosal detail, as well as an 
increase in the depth of view. The software also 
has additional support systems as a localization 
system, a blood detector, a double and quadri pic-
ture viewer, a quick viewer, a single picture 
adjustment mode, an infl ammation (Lewis) scor-
ing system, and an atlas to assist the interpreter. 
By now, there are fi ve CE systems: the PillCam 
SB2 (Given Imaging, Yokneam, Israel), the Endo 
Capsule (Olympus America, Center Valley, PA), 
the OMOM capsule (Jinshan Science and 
Technology, Chongqing, China), the MiroCam 
(IntroMedic, Seoul, Korea) and CapsoCam Plus 
(CapsoVision, Saratoga, CA, USA). 

 The patient fasts overnight, and, on the morn-
ing of the procedure, a comfortable belt contain-
ing sensors is fi tted at the patient’s waist, with 
easy-fasten straps for quick adjustments and 
removal. The camera is activated by the removal 
of the capsule from its magnetic holder, and it is 
given to the patient with a glass of water. After 
the patient has successfully swallowed the cap-
sule, then the capsule is passively moved along 
by peristalsis. Two hours after ingestion, the 
patient is allowed to drink, while eating is allowed 
after 4 h. During the procedure the patient may 
carry on with his daily activities. After 8 h, the 
patient will return to the physician’s offi ce to 
return the sensor belt and data recorder. The 
PillCam video capsule passes naturally with a 
bowel movement, usually within 24 h. The physi-
cian will then download images from the data 
recorder for review. 

 The data recorder is a small portable recording 
device that communicates with the capsules as 
the capsule passes through the GI tract. The data 
recorder is placed in the recorder pouch which is 

attached to the belt around the patient’s waist. 
Actually there is a RAPID real-time device that 
enables real-time viewing during a PillCam 
procedure. 

 In patients who are unable to swallow the cap-
sule as younger children, or patients with diffi -
culty in swallowing, the examination is carried 
out placing the capsule with the endoscope 
directly in the duodenum. Many different tech-
niques to deliver the capsule have been described 
even for the pediatric population with different 
device as a foreign body retrieval net alone, a 
retrieval net and translucent cap or translucent 
ligation adaptor, a polypectomy snare, and the 
others with or without an overtube. 

 Before the procedures, all parents or legal 
guardians have to give informed consent for their 
children, and this consent was given in full oral 
explanation and in writing, above all for the risk 
of retention. 

 Upper and lower endoscopies are necessary 
before performing capsule endoscopy, to exclude 
lesions from the upper and lower gastrointestinal 
tract.  

3.4.2.3     Patient Preparation 
 The presence of intestinal contents or a delayed 
gastric or intestinal transit may cause the failure 
of the complete visualization of the intestinal 
mucosa. Despite several studies have examined 
the possibilities of improving bowel cleanliness 
and shortening transit time with different medi-
cation, small bowel preparation is still a contro-
versial issue. Capsule manufacturer recommend 
a bowel preparation with a 12-h fast. From 
European guidelines, there is evidence for a ben-
efi t from bowel preparation for capsule endos-
copy, but there is so far no consensus on the 
preparation regimen.  

3.4.2.4     Adverse Events 
 Capsule retention is defi ned as having a capsule 
that remains in the digestive tract for more than 2 
weeks. Causes of retention cited in the literature 
include: NSAID strictures, Crohn’s disease, small 
bowel tumors, intestinal adhesions, ulcerations, 
and radiation enteritis. The frequency of this prob-
lem varies: in some studies in adults, it has been 
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reported in less than two percent of all capsule 
endoscopy in adults. In a recent pediatric review, 
the percentage of capsule retention was reported to 
be variable from 0 % up to 20 %. Prior to the devel-
opment of the patency capsule, gastroenterologists 
were dependent on clinical history and radio-
graphic studies to determine the safety and utility 
of CE. Radiographic studies to evaluate the poten-
tial safety for CE have been misleading because 
capsule retention has been documented in patients 
with normal small bowel radiography, and con-
versely safe capsule passage has been described in 
patients with strictures identifi ed radiographically 
(see section “Patency Capsule”). It is important to 
underline that in some circumstances, capsule 
retention is permitted to identify the exact local-
ization of lesions that needed surgery anyway. In 
our experience, this happened in a patient in whom 
the capsule was retained in a blinding surgical 
ending loop with multiple mucosal ulcerations and 
a gut wall dilatation. The surgeon found immedi-
ately the lesions because of the capsule retention. 
It appears that the risk of retention is dependent 
upon the clinical indication and not on the age dif-
ference. The highest risk factors for capsule reten-
tion include known IBD, previous SBFT 
demonstrating small bowel CD, and a BMI <5th 
percentile combined with known IBD, though 
retention occurred despite the absence of stricture 
on SBFT. Rare cases of perforation, aspiration, or 
small bowel obstruction have been reported in 
adults with none reported in children. However, 
children have suffered mucosal trauma when cap-
sules have been placed with the Roth net. As a 
result, specifi c capsule placement devices are now 
being used.   

3.4.3     Patency Capsule 

 The majority of capsule retentions have occurred 
in patients with normal small bowel radiological 
studies, yet functional patency may be present in 
patients with radiologically documented stric-
tures. To avoid this concern, an identically sized 
patency capsule (PC) containing a mixture of 
barium, lactose and a radiofrequency identity tag 
was developed. The currently available version 

has dual timer plugs that gradually implodes if 
passage does not occur within 30 h. The PC can 
serve as a useful guide and may lessen the likeli-
hood of CE retention, particularly in known CD 
where the risk of retention is greatest.  

3.4.4     Colon Capsule 

 Colon capsule endoscopy represents an innova-
tive noninvasive, painless, swallowed “colono-
scope” that is able to explore the colon without 
requiring sedation and air insuffl ation. The US 
FDA did not approve it yet, but it is available in 
Israel and in part of Europe. 

 Theoretically, all patients with suspected or 
known colonic disease, referred for conventional 
colonoscopy are potentially candidates for a colon 
capsule examination including suspected lesions 
detected at a previous exam, gastrointestinal 
bleeding, unexplained iron defi ciency anemia, 
positive fecal occult blood test, clinically signifi -
cant diarrhea of unknown origin, surveillance for 
colonic neoplasia, colorectal cancer screening, 
chronic infl ammatory bowel disease, etc. 

 But we know from adults study that colon cap-
sule should not be considered alternative to con-
ventional colonoscopy but complementary to 
traditional colonoscopy in case of incomplete 
colonoscopy, when conventional colonoscopy is 
contraindicated or in patients who are unwilling 
to undergo colonoscopy. There are also several 
studies for the utilization of the colon capsule for 
screening of colorectal cancer, but to date there 
are not reasonable results because of the low sen-
sitivity in identifying patients with colonic pol-
yps as compared with standard colonoscopy. 
Although colon capsule endoscopy represents a 
reliable system that is not invasive and well toler-
ated, there are no studies in children. 

3.4.4.1     Technical Aspects 
 There are some differences between the small 
bowel and colon that make the evaluation of the 
colon more diffi cult. First of all, the colon has a 
much wider diameter. This allows the capsule to 
fl ip around its own axis and change directions pre-
venting, full visualization of the mucosal surface. 
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This problem has been partially solved by adding 
another camera, allowing both ends of the capsule 
transmit images. The fi rst generation of the colonic 
capsule had two cameras on both heads, taking 
four frames per second. It is 5 mm longer than the 
small bowel capsule (dimension 11 × 32 mm). 

 Moreover, the angle of view from each imager 
is 156°, and it permits greater imaging coverage 
of the larger cross-sectional diameter of the 
colon. The second problem is that the capsule has 
to travel through the stomach and the small bowel 
to reach the colon and this journey is time con-
suming. Two changes were made to solve this 
problem. First of all, a third battery and a sleep 
mode were added to economize on energy. The 
transmission of images ceases for an hour and a 
half after ingestion to allow travel to the target 
area. With increased energy stores (third battery) 
and decreased energy consumption (sleep mode), 
the capsule transmits images from the entire 
colon. It acquires images at a rate of four frames 
per second (two for each imager) and has a total 
operating time of 10 h, approximately. Images 
transmitted by CCE are recorded in a portable, 
external recorder (DR2C) specifi cally developed 
for colon capsule, and then the images are down-
loaded in a workstation and visualized. 

 Recently a second-generation colon capsule 
has been developed to improve the sensibility of 
the examination. The new colon capsule is slightly 
longer than the previous (31.5 mm versus 31 mm), 
and the angle of view has been increased from 
156° up to 172° for each camera, thus offering a 
panoramic view of the colon (360°). In order to 
conserve battery energy, the capsule is equipped 
with an adaptive frame rate, and it captures 35 
images per second when in motion and four 
images per second when it is virtually stationary. 

 This specifi c image rate is controlled in real 
time by the new data recorder which both stores 
the images and analyzes the capsule images. The 
data recorder is able to recognize the localization 
of the capsule, and to save more battery, colon 
capsule 2 works at a low rate of images per min-
ute during its journey into the stomach and the 
small bowel, and then when images from small 
bowel are not anymore detected, then it switches 
into the adaptive frame rate. 

 The possibility to identify the site of the cap-
sule permits to notify at the patient by a sounding 
signal and by a vibration that the capsule is still 
into the stomach, and the preparation protocol 
needs to be continued with prokinetic agents. In 
the small bowel, a beeping sound, a vibration, 
and a message on the display inform the patients 
to fi nish the preparation with a laxative to accel-
erate the small bowel transit. Transfer of the 
recorded images to the workstation and review of 
the videos with rapid software are similar to 
small bowel capsule. The new rapid software 
does however now include a simple graphic inter-
face tool for polyp size estimation. 

 Another difference between the small bowel 
and colon is that the colonic surface is covered 
by fecal material and the mucosa of the colon 
will not be visualized by the capsule. The bowel 
cleansing has to be superior to the cleansing 
 process applied for conventional colonoscopy 
since no suction of liquid is possible during 
 capsule endoscopy so if colon is unclear the 
bowel mucosa may not be seen by CCE. 
Therefore, novel colon preparation regimens 
were developed to provide a clean colon and to 
promote CCE propulsion through the entire 
colon to the rectum. 

 By now, there is not any study to determinate 
the optimal bowel preparation for children, and 
also for adults, the optimal bowel preparation has 
yet to be determined. For adults, the most widely 
used preparation regimen includes an oral prepa-
ration of polyethylene glycol (PEG) osmotic 
solution, boost doses of sodium phosphate solu-
tions, and prokinetic agents. 

 With this regimen, colonic preparation was 
judged adequate in a median of 77 % (range 
35–89 %) of cases, and the rate of complete exam-
ination appears to be very close to the ≥95 % rate 
recommended for screening colonoscopy. 

 In children, the preparation protocol is similar 
to adults, including for three days before the 
examination patients take a diet without fi bers, 
the day before a clear liquid diet with or without 
a small breakfast (only milk), and 2–4 L (50 ml/
kg) of split dose polyethylene glycol (PEG), half 
on the previous evening and half in the morning 
until 2 h prior to capsule ingestion. 
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 A written informed permission is signed by 
parents’ patients to carry out the procedure. 
Twenty minutes before capsule ingestion, patients 
take prokinetic agents as domperidone at the dose 
of 10–20 mg, and the capsule is then swallowed 
with water. By real-time modalities, it is possible 
to check when the capsule reaches the duode-
num. If, after an hour from ingestion, the capsule 
is still in the stomach intramuscular prokinetic is 
administered. Once the capsule arrives to 
 duodenum, the physician activates the capsule 
and the patient can go home. 

 Patients or their parents were asked to inform 
the physician when the capsule was passed in the 
stools [ 8 – 11 ].    

3.5     Enteroscopy 

3.5.1    Introduction 

 Evaluation of small intestinal mucosa has an 
important role in the treatment of children with 
different gastrointestinal disorders. Although, for 
many years small bowel contrast studies were the 
only practical and effective diagnostic tools on 
the basis of the length and tortuosity of the small 
intestine. 

 Complete visualization of the small bowel 
mucosa has been obtainable since the introduc-
tion of capsule endoscopy (CE) in 2001. Whereas 
CE has revolutionized diagnostic approach to 
small bowel disorders, inherent limitations of 
CE exist. The main limitations of capsule endos-
copy include an inability to control the capsule 
and direct the viewing in real time, as well as 
inability to perform biopsies or therapeutic inter-
vention and the possible risk of retention. In 
addition, for some children, voluntary ingestion 
of the CE can be daunting or impossible, and the 
capsule should be endoscopically inserted with 
dedicated device.

   Historically, push enteroscopy or surgically 
assisted enteroscopy was used to further evaluate 
or treat detected lesions. However, the lack of 
effi cacy and the invasive nature of these proce-

dures, respectively, indicated a need for new 
methods. 

 Device assisted enteroscopy (DAE) has 
recently been reported as an effective method to 
achieve deep small bowel intubation allowing 
histologic evaluation and therapeutic interven-
tion and has replaced push and surgically assisted 
enteroscopy. This advancement has assisted in 
the care of not only adults but also children and 
adolescents, although indications and number of 
application of these techniques may differ 
because of disease frequencies.  

3.5.2     Indications and Contraindications 

 Indications for enteroscopy are well known in 
adults. International societies have published 
algorithms for the different clinical indications 
clarifying the role of this invasive and potentially 
dangerous technique in each clinical setting. 
Main indications and contraindications in chil-
dren are listed in Table  3.6 .

    Table 3.6    Common indications and contraindications 
for enteroscopy in children   

  Indications  
 Obscure gastrointestinal bleeding 
 Suspected or known Crohn’s disease 
 Polyps 
 Altered intestinal anatomy (e.g., Roux-en-Y) 
 Eosinophilic gastroenteropathies 
  Contraindications  
   Absolute 
    Intestinal perforation 
    Peritonitis 
    Patient toxicity 
    Cardiovascular instability 
   Relative 
    Patient size/age 
    Severe neutropenia 
    Severe thrombocytopenia or coagulopathy 
    Recent digestive surgery 
    Partial or complete bowel obstruction 
    Extensive intra-abdominal adhesions 
    Toxic megacolon 
    Connective tissue disorders 
    Intra-abdominal vascular aneurysm 
    Pregnancy 
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   OGIB is the most common indication for 
enteroscopy in children. To date, considering the 
published pediatric case series, a total of 84 
patients were studied for OGIB, and it was diag-
nostic in 62 patients (73.8 %). Diagnoses were 
Meckel’s diverticulum (16.6 %), vascular lesions 
(15.4 %) (Fig.  3.6a ), Crohn’s disease (13 %) 
(Fig.  3.6b ), ulcer (5.9 %), and polyps (5.9 %) 
(Fig.  3.6c ). Endoscopic therapeutic procedures 
were described in 11 patients (13 %), although the 
published data did not evaluate the outcome.

   Only in our recent study, CE has been system-
atically performed (including second look with 
CCE-2) before enteroscopy in children with 
OGIB, and this combined approach signifi cantly 
increased the overall diagnostic yield (86 %) as 
compared to previous pediatric data. 

 In conclusion, enteroscopy has a high diag-
nostic yield in diagnosing the cause of OGIB in 
children with the advantage of therapeutic inter-
vention and histologic diagnosis. Nevertheless, 
future prospective studies are needed to establish 
the correct place of enteroscopy in the diagnostic 
algorithm of children with OGIB. 

 In children with suspected Crohn’s disease 
(CD), DAE is recommended when conventional 
studies including EGDS, ileocolonoscopy, imaging 
of small bowel, and CE have been undetermined 
and histological diagnosis and/or therapeutic proce-
dure would alter disease management (Fig.  3.7 ). In 
the setting of established CD, DAE is indicated 
when endoscopic visualization and  biopsies of the 
small intestine beyond the reach of EGDS or ileos-
copy is necessary in order to exclude an alternative 

diagnosis (lymphoma, tuberculosis, or carcinoma) 
or undertake a therapeutic procedure including dila-
tion of small bowel stricture, removal of retained 
capsule, and treatment of bleeding lesions (Fig.  3.8 ).

    Small bowel polyps may cause intermittent 
bleeding, obstruction, intussusception, or progres-
sion to malignancy. Polypectomy might reduce the 
risk of multiple or urgent laparotomies with intes-
tinal resection, which can result in morbidity and 
mortality. In published pediatric case series, 50 
pediatric patients underwent enteroscopy for sur-
veillance and treatment of small bowel polyps; 98 
procedures and at least 318 polypectomies were 
performed. Not all the procedures allowed a com-
plete evaluation of the small bowel. Although fur-
ther studies are needed to assess the role of 
enteroscopy in the management algorithm of chil-
dren with suspected or established small bowel 
polyps, it is an effective and safe alternative to sur-
gery for the treatment of isolated and easy acces-
sible small bowel polyps in children. 

 Contraindications for DAE are listed in 
Table  3.6 .  

3.5.3     Equipment 

 DAE was introduced for the fi rst time in 2001 with 
double-balloon enteroscopy (DBE). Subsequently, 
single-balloon enteroscopy (SBE) and spiral enter-
oscopy have become available during the follow 
years. Unfortunately, no data reporting the use of 
spiral enteroscopy in children have been published 
to date, and the 16 mm outer diameter of the 

a b c

  Fig. 3.6    Vascular malformation ( a ), deep ulcer ( b ) and giant jejunal polyp ( c ) detected during Single Balloon Enteroscopy       
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Unexplained clinical symptoms
despite presumably adequate therapy 

Upper & lower GI Endoscopy
MRI or other SB imaging technique

No stricture and absence of
lesions explaining symptoms 

Capsule Endoscopy (CE) 

CE findings
explaining symptoms

Unclear CE findings
Retained capsule

Adaptation of medical therapy
and/or surgery 

Enteroscopy

Stricture
Suspected alternative diagnosis 

  Fig. 3.8    Proposed algorithm in patients with established small bowel Crohn’s disease. (Adapted by ref  16 )       

Successful

Suspected CD

Negative upper & lower GI Endoscopy

MRI or other SB imaging technique

No stricture

Capsule Endoscopy

Treat

Unsuccessful 

Diagnostic
findings

Unspecific
findings

Stricture
Easily accessible SB lesions

Enteroscopy

  Fig. 3.7    Proposed algorithm in patients with suspected small bowel Crohn’s disease. (Adapted by ref  16 )       
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 overtube currently makes this technique impracti-
cal for the majority of pediatric patients. 

 Commercially available since 2003, DBE 
(Fujinon Inc., Saitama, Japan) utilizes two pri-
mary models of endoscopes both with a working 
length of 200 cm (but with different outer diam-
eters and channel diameters, 8.5 mm / 2.2 mm 
and 9.8 mm / 2.8 mm, respectively) plus a soft 
overtube, measuring either 12.2 or 13.2 mm in 
the outer diameter with a balloon located at the 
distal tip, and a length from 105 cm to 145 cm. 
The second balloon of the double-balloon system 
is located on the tip of the enteroscope and is 
infl ated during overtube advancement to anchor 
the scope and prevent slippage. 

 Single-balloon enteroscopy (Olympus 
America Inc.) includes an enteroscope (outer 
diameter of 9.2 mm, channel diameter of 2.8 mm, 
working length of 200 cm) and a soft 13.2 mm 
outer diameter overtube (length of 140 cm) with 
a distal balloon designed to deeply intubate the 
small bowel. The overtube and the distal tip bal-
loon are made of silicone rubber.  

3.5.4     Technique 

 Balloon-assisted enteroscopy (BAE) including 
SBE and DBE is performed in children with the 
same technique described in adults. Obviously, 
there are some special considerations to take into 
account in performing BAE in children. The 
patient size could be the greatest limitation to the 
use of BAE in pediatric age. On data, DBE has 
successfully been performed from 2 years of age 
and SBE from 3 years of age, with a weight at 
least of 14 kg for both procedures. A smaller 
abdominal cavity, thinner intestinal walls, and a 
narrower intestinal lumen make BAE technically 
more diffi cult in younger children; thus, it 
requires a higher level of skill by the endosco-
pists. DBE is performed infl ating the balloon that 
facilitates anchoring and shortening of the intes-
tine, thus leading to straightening of the bowel 
yet to be examined and allowing deep advance-
ment of the enteroscope. The bowel that has 
already been examined is “telescoped” onto the 
overtube during retraction. In this way, repeated 
advancement and retraction, or “pushing and 

pulling,” ultimately leads to successful advance-
ment throughout the small bowel. Complete 
small bowel viewing, from duodenum to cecum, 
is feasible although diffi cult. A combined ante-
grade and retrograde approach is often used to 
increase the amount of small bowel examined. 

 Regarding SBE, the primary difference with 
DBE is that there is no balloon on the tip of the 
enteroscope, which some feel makes it less com-
plex to perform. In the past, DBE seemed to be 
able to achieve a greater depth of insertion com-
pared to SBE. However, a recent randomized 
multicenter trial showed a similar depth of inser-
tion and diagnostic yield in both techniques. 

 For both DBE and SBE, the patients need only 
to fast before the oral examination (approxi-
mately 12 h for solid food and 4 h for clear liq-
uids). For retrograde examinations, a standard 
colonoscopy preparation is necessary. BAE in 
adults is usually performed either with conven-
tional conscious sedation or with propofol based 
on local attitudes. General anesthesia with intu-
bation is strongly recommended in children. 

 Depending on experience, radiologic fl uoros-
copy can be used as an aid in BAE, especially 
early on in the learning curve (Fig.  3.9 ); it can 
also be of usefulness when adhesions are expected 
because of prior abdominal surgery or massive 
SB involvement in children with Crohn’s disease. 

  Fig. 3.9    Fluoroscopic view during oral enteroscopic 
approach       
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When stenosis is expected, radiology is certainly 
useful to assess stricture complexity.

   Choice of oral versus anal approach is guided 
by the location of suspected disease. Several 
tools, including CE, MRI, and US, may be used 
to assist in localizing the lesion and direct the 
choice of the enteroscopic approach. In cases in 
which lesions are diffi cult or unable to be previ-
ous identifi ed and located, both approaches can 
be considered. Complete small bowel assess-
ment may at times be desired but in many cases 
is not necessary (e.g., primary lesion is encoun-
tered, obviating the need for complete examina-
tion) or unachievable. In many cases, the oral 
approach is chosen fi rst due to the lower techni-
cal diffi culty and consequently the greater depth 
of insertion when compared with the anal 
approach. Indeed, published series for DBE and 
SBE in adults and children have noted technical 
challenges to consistent passage through and 
beyond (proximally) the ileocecal valve. This 
can be explained by several factors inherent to 
normal anatomy, patient disease characteristics, 
and procedural diffi culties. Total enteroscopy 
with BAE is defi ned as a complete evaluation of 
the small bowel, with either a single approach or 
a combined oral (anterograde)-anal (retrograde) 
approach. However, it may not be feasible in all 
patients; the reported success rate is 16–86 %. If 
the lesion is not reached with a single approach, 
an Indian ink tattoo performed at the deepest 
point of insertion is used to document a com-
plete SB examination. 

 All therapeutic procedures available for tra-
ditional endoscopy can be performed during 
BAE using dedicated devices. On data, there are 
not specifi c and well-established learning pro-
grams for enteroscopy, especially for pediatric 
endoscopists.  

3.5.5     Complications 

 In adult population, the rate of complications 
ranged from 1.2 to 1.6 %. Self-limited and mild 
post-procedure throat pain, abdominal pain, and 
discomfort were frequently described in both 
adult and pediatric patients. To date, only three 

major complications have been reported in the 
pediatric literature when endoscopic therapy has 
been performed. A laparoscopic-assisted DBE 
with the resection of several polyps was compli-
cated by a pelvic abscess in the absence of perfo-
ration. One bleeding that was effectively treated 
endoscopically in a patient who had multiple 
resected polyps over a span of several endoscopic 
procedures. Finally, a jejunal perforation occurred 
in a child with Peutz-Jeghers syndrome who 
underwent two consecutive therapeutic DBE pro-
cedures within 18 days. The limited number of 
major complications in children would suggest a 
highly favorable safety profi le. However, given 
the small number of patients studied, it may be 
premature to make defi nitive conclusions 
[ 12 – 16 ].   

3.6     Cholangiopancreatography 
and Endoscopic Ultrasound 

3.6.1     Introduction 

 Diseases requiring endoscopic retrograde chol-
angiopancreatography (ERCP) and/or endo-
scopic ultrasound (EUS) in children have a low 
incidence, thus limiting the experience and giv-
ing the impression that these procedures are 
more diffi cult in children. There is also lack of 
consensus about the indications to these proce-
dures in the pediatric population. Generally, 
patients are referred to a tertiary care facility, 
and often the procedure is performed by an adult 
endoscopist.  

3.6.2     Indications 

 ERCP is important in the evaluation of neonatal 
cholestasis to support a diagnosis of biliary atre-
sia and other causes of biliary obstruction includ-
ing choledocholithiasis. In recent years, 
indication to ERCP is mainly limited to therapeu-
tic purposes, on the basis of the evolution of diag-
nostic imaging technique. During ERCP, a variety 
of therapeutic maneuvers could be achieved 
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including sphincterotomy, sphincteroplasty, 
stones extraction, stricture dilation, and stent 
placement. Most common indications to ERCP 
in the pediatric age are discussed below. 

 ERCP can be a less invasive approach to 
obtain a cholangiogram in children with sus-
pected biliary atresia. According to several stud-
ies, ERCP could avoid unnecessary surgery by 
distinguishing biliary atresia from other causes of 
neonatal cholestasis. In one report of 140 infants 
with suspected biliary atresia, ERCP was suc-
cessfully performed in 87 %. ERCP fi ndings were 
confi rmed by intraoperative cholangiogram in 
80 % of the cases. In another series, ERCP was 
86 % sensitive and 94 % specifi c for detecting 
biliary atresia and 100 % sensitive and 90 % spe-
cifi c for detecting choledochal cysts. 

 Biliary atresia was classifi ed by Kasai into 
three main types depending on the level of biliary 
obstruction. In Kasai type I, the common bile 
duct is obliterated. In Kasai type IIa, the common 
hepatic duct is obliterated; in type IIb, there is 
atresia of the common bile duct, common hepatic 
duct, and cystic duct. In Kasai type III, the entire 
extrahepatic biliary tree is obstructed. Kasai 
types I, IIb, and III are indistinguishable based on 
ERCP fi ndings because the obstructed common 
bile duct prevents visualization of the remainder 
of the biliary tree. 

 There is also a classifi cation of ERCP 
fi ndings:

•    Type 1: Nonvisualization of the biliary tree  
•   Type 2: Visualization of the distal common 

duct and gallbladder  
•   Type 3: Visualization of the gallbladder and 

the complete common duct, with both hepatic 
ducts and visualization of biliary lakes at the 
porta hepatis    

 Caroli disease is a congenital disorder charac-
terized by multifocal, segmental dilatation of large 
intrahepatic bile ducts. The condition is frequently 
associated with renal cystic disease of varying 
severity. Caroli initially described two variants, 
with (Caroli syndrome) or without (Caroli disease) 
hepatic fi brosis. ERCP is usually required only if 
other less invasive imaging studies, like ultraso-

nography or magnetic resonance cholangiography, 
failed to establish the diagnosis. 

 Cystic dilatations of biliary ducts originally 
were termed choledochal cysts, considering only 
cysts of the extrahepatic bile duct. Since 1977, a 
new clinical classifi cation includes intrahepatic 
cysts. Biliary cysts are found by abdominal ultra-
sound, computed tomography (CT), or magnetic 
resonance cholangiopancreatography (MRCP). 
ERCP can be used as a supplementary test to 
confi rm the diagnosis and categorize the type of 
cyst to facilitate surgical planning. 

 The Todani classifi cation is based on site of 
the cyst or dilatation and includes fi ve types of 
cysts:

•     Type I : The most common (80–90 %), saccu-
lar, or fusiform dilatation of common bile duct 
(CBD)  

•    Type II : Diverticulum protruding from the 
CBD  

•    Type III  ( choledochocele ): Dilatation of the 
duodenal portion of CBD  

•    Type IVa : Multiple dilatations of the intrahe-
patic and extrahepatic ducts  

•    Type IVb : Multiple dilatations of the extrahe-
patic bile ducts  

•    Type V : Cystic dilatation of intrahepatic bili-
ary ducts, excluding Caroli disease    

 The Todani classifi cation does not include 
type VI: An isolated cyst of the cystic duct (very 
rare). Only single case reports are documented in 
the literature. 

 Types I, II, and IV biliary cysts are associated 
with an increased risk of malignancy, and surgi-
cal excision is recommended. 

 Endoscopic sphincterotomy is indicated in the 
following types of cysts:

    1.    Fusiform bile duct dilation with a widely dilated 
common channel. In contrast to cystic dilation, 
fusiform dilation is more commonly associated 
with low-grade, short strictures located at or 
distal to the pancreaticobiliary junction.   

   2.    Distal bile duct stricture, which typically 
occurs at the point of connection with the 
 pancreatic duct. Up to 8 % of such patients 
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develop cystolithiasis (which may be multi-
ple) involving intrahepatic and extrahepatic 
ducts.   

   3.    Choledochocele (type III cyst).     

 Noteworthy, an anomalous pancreaticobiliary 
junction (APBJ) can present in up to 70 % of 
patients with biliary cysts. It is characterized by a 
junction of the bile duct and pancreatic duct out-
side the duodenal wall with a long common duct 
channel. According to the Kimura classifi cation, 
there are three types of APBJ:

    1.    Type B-P – Common bile duct joining the 
main pancreatic duct.   

   2.    Type P-B – Pancreatic duct joining the com-
mon bile duct; this type is more likely to be 
associated with recurrent pancreatitis than the 
B-P type.   

   3.    Long Y type – A long common channel, with-
out common bile duct dilatation.     

 Sclerosing cholangitis in children is usually 
related with an underlying disorder, and approxi-
mately 14 % of children with sclerosing cholan-
gitis have underlying infl ammatory bowel 
disease. The diagnosis of sclerosing cholangitis 
is usually established by magnetic resonance 
MRCP. The typical fi nding is pruning of the 
peripheral biliary tree with stenosis and dilation. 

 ERCP allows cytological sampling of the ste-
nosis and therapeutic intervention in case of 
obstructive symptoms (Fig.  3.10 ). In case of dom-
inant ductal strictures, according to the data of 
literature in the adult population, there is indica-
tion to endoscopic treatment with sphincterotomy 
and balloon dilation to relieve the obstruction.

   Choledocholithiasis is rare in the pediatric 
population, and it is typically related with hemo-
lysis, infection, chronic liver disease, or chole-
dochal cyst. A review including 382 pediatric 
patients with gallstones found sickle cell disease, 
parenteral nutrition, and cardiac surgery as the 
most common risk factors with the highest fre-
quency in infants, often without symptoms. The 
incidence of gallstones rises in girls during 
puberty. Ultrasonography does not always iden-
tify small stones in the biliary system. Thus, 

magnetic resonance cholangiopancreatography 
(MRCP) or endoscopic ultrasound (EUS) are 
often required to evaluate patients with a clinical 
suspicion. 

 The role of ERCP and the benefi t of endo-
scopic sphincterotomy in children with choledo-
cholithiasis have not been confi rmed. Infants and 
children who presented no symptoms but have 
small common bile duct stones on an imaging 
study should usually be managed conservatively, 
since the stones (or sludge) are likely to pass 
spontaneously. Sphincterotomy generally should 
be reserved for symptomatic patients or those 
with underlying lithogenic disorders. 

 Malignant strictures of extrahepatic ducts are 
rare in children. There are few cases described in 
literature in which stenting successfully relieved 
the obstruction. 

 Bile duct complications after liver transplanta-
tion include bile duct strictures, leaks, and bile 
casts. The onset can be early or late (within or 
after 4 weeks from transplant). Diagnosis relies 
on MRCP, with ERCP playing only a therapeutic 
role. 

 The role of EUS is well established in adult GI 
and pancreatobiliary diseases. There is, instead, 
poor literature regarding the use of EUS in pedi-
atric patients because usefulness of EUS in chil-
dren has been only recently appreciated, and 
published papers often report few patients and 
single center experiences. Even if the pathology 
may differ between the two populations, EUS 
indications in children are similar to those 
described in adults. Also the reported results 
show a great impact of EUS in the management 
of disease in the pediatric population, in particu-
lar for what concerns pancreatobiliary disease 
(Fig.  3.11 ).

   EUS could be used as a diagnostic tool to 
avoid more invasive procedure as ERCP in the 
evaluation of the common bile duct or the pancre-
atic duct. In children with clinical signs of CBD 
obstruction, EUS avoided diagnostic ERCP in 
the majority of cases. Also in pancreatic disease, 
EUS altered patient management or was used as 
a therapeutic tool in EUS-guided treatment. 

 There are few reports on interventional diag-
nostic or therapeutic pancreaticobiliary EUS in 
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the pediatric population. The principal described 
indications have been EUS-FNA and pancreatic 
fl uid collection drainage. Despite the small sam-
ple size, in the pediatric population results of 
fi ne needle aspiration were similar to those 
achieved in adults in terms of success rate and 
diagnostic accuracy. In particular, the use of 
EUS-FNA could diagnose an autoimmune pan-
creatitis or could be useful in case of chronic 
fi brosing pancreatitis for a differential diagnosis 
from malignant masses. EUS-guided pseudocyst 
drainage has been used with high success rate in 
the pediatric population. In a case series pub-
lished in 2013, a total of seven children under-
went EUS- guided drainage of PFCs. The 

etiology was blunt abdominal trauma in fi ve, 
hereditary pancreatitis in one, and idiopathic 
pancreatitis in one. Both technical and treatment 
success rates were 100 %. Two patients under-
went repeat EUS-guided drainage due to lack of 
adequate resolution of pancreatic fl uid collection 
on follow-up computed tomography. No imme-
diate or delayed complications were reported. At 
a median follow- up of 1033 days, all of the chil-
dren were doing well with no recurrence of the 
collections. EUS-guided rendezvous or ductal 
drainage has been occasionally reported. A case 
of pancreatic duct drainage by the rendezvous 
technique has been reported in a child and EUS-
guided biliary drainage in a 13-year-old patient 

a
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  Fig. 3.10    Radiological ( a ,  b ) endoscopic ( c ) and MRI ( d ) fi ndings of plastic biliary stents placed in a child with 
chronic pancreatitis associated to jaundice and choledochal dilation       
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with metastatic rhabdomyosarcoma obstructing 
the biliary tract and involving the duodenum. 
This technique is rarely used even in the adult 
population. 

 Pediatric mediastinal masses represent a diag-
nostic and therapeutic challenge. They are a het-
erogeneous group of potentially life-threatening 
diseases. Transesophageal EUS with FNA allows 
assessment and biopsy of posterior and middle 
mediastinal lesions. The reported cases in litera-
ture are principally mediastinal nodes in which 
EUS-FNA was used for cytological diagnosis. 

 There are several reports about the use of EUS 
for the evaluation of esophageal, gastric, duode-
nal, or rectal disease. The technique and results 
are comparable to the ones in the adult popula-
tion with a signifi cant impact of EUS on the man-
agement of the patients. In the differential 

diagnosis of esophageal stenosis, EUS with mini-
probes can diagnose the nature of the stenosis, 
thus guiding the further treatment. Subepithelial 
lesions or duplication cyst can be distinguished in 
the upper gastrointestinal tract by endoscopic 
ultrasound. Rectal ultrasound has been used in 
patients with anal fi stulas and underlying Crohn’s 
disease.  

3.6.3     Patient Preparation and Sedation 

 The preparation and sedation of a patient under-
going ERCP/EUS is similar to that used for 
upper gastrointestinal endoscopy. In the case of 
pediatric setting, an adequate explanation of the 
procedure should be provided to the little patient 
and parents. If an adult endoscopist is perform-

a
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  Fig. 3.11    Endoscopic ( a ) and EUS ( b ) appearance of esophageal duplication cyst. EUS-guided FNA of a pancreatic 
mass ( c )       
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ing the procedure, a close collaboration with a 
pediatric team should be implemented in order 
to provide an adequate care. Deep sedation with 
an anesthesiologist is highly recommended, 
since children cannot fully cooperate during pro-
cedures performed under conscious sedation. 
Post-procedure monitoring is not different than 
other endoscopic procedures requiring sedation. 
ERCP and EUS can be performed on an ambula-
tory basis when performed for diagnosis only. 
Therapeutic ERCP has a greater potential risk 
for serious complications, and overnight obser-
vation in the hospital may be indicated. Because 
ERCP is associated with a higher risk for bacte-
remia than diagnostic endoscopy, in selected 
cases, an antibiotic prophylaxis should be 
considered.  

3.6.4     Equipment 

 For ERCP, a pediatric duodenoscope, with a 
diameter of 7.5 mm is mandatory in neonate 
and infants younger than 12 months and is pre-
ferred for children younger than 3 years. In 
older children and adolescents, a standard adult 
duodenoscope with a diameter of 11 mm can be 
used. 

 For EUS, thinner instruments are preferred in 
small patients. In children, 3 years of age or older 
a standard EUS equipment can be used.  

3.6.5     Technique 

 ERCP is usually performed with the patient in the 
prone or semiprone position. The duodenoscope 
is inserted into the second portion of the duode-
num and then is straightened in “short route” 
with a slow withdrawn. When it is not possible to 
perform this maneuver, the approach to cannula-
tion of the papilla is performed with the “long 
route.” In this case, the instrument stands along 
the greater curvature of the stomach. Cannulation 
technique in children is the same as in adults, but 
it is necessary to consider the narrower lumen of 
the children’s duodenum that can add some dif-
fi culty. In neonates, deep selective cannulation of 

the bile duct is generally impossible because of 
the small duct diameter. 

 In children older than 1 year and adolescents, 
the rate of successful cannulation is more than 
95 %, comparable to reports in adults. In neo-
nates and young infants, the rate of successful 
cannulation of the common bile duct is often 
lower than in adults. 

 In EUS examination, the maneuvers are simi-
lar with the exploration of pancreatic head and 
uncinate accomplished from the duodenum while 
pancreatic body and tail visualized from the 
stomach. The experience of the endoscopists may 
account for a large part of the variability.  

3.6.6     Complications 

 Complications of ERCP are pancreatitis, infec-
tion, hemorrhage, and perforation. A series of 
329 ERCP for biliary or pancreatic indication 
reported a total of 32 complications (10 %), 
mostly pancreatitis with no deaths. The rate of 
post-ERCP pancreatitis seems to be higher in 
the patients undergoing pancreatic duct stent 
placement (7 of 28 procedures, 25 %). There is 
a very limited experience with EUS in the pedi-
atric population. The complication rate not 
seems to differ from the adult series being very 
low especially for diagnostic examination 
[ 17 – 20 ].   

3.7     Polypectomy 

3.7.1    Introduction 

 Polypectomy is the most common endoscopic 
therapeutic intervention performed in children. 
In more recent decades, endoscopic polypectomy 
has endorsed continuous advances because of 
improvements in the endoscopic technology and 
techniques. 

 Polypectomy is diffi cult to learn, requiring a 
baseline level of skills in instrument handling 
including the ability to precisely and effi ciently 
control the instrument tip and therapeutic 
devices.  
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3.7.2     Technique 

 Polyp shape and location both infl uence the suc-
cess and technique of endoscopic polypectomy. 
Pedunculated polyps are much easier to remove 
than sessile and fl at polyps, although they are 
still associated with a risk of postpolypectomy 
hemorrhage. The right colon, especially the 
cecum, is thinner walled than the left with conse-
quent higher rates of complications after remov-
ing polyps from this colonic region. Polyps 
draped over the ileocecal valve are the most dif-
fi cult to remove and are associated with the high-
est need for surgery. Rectal polyps are probably 
the easiest to resect, particularly if located in the 
lower half of the rectum that is extraperitoneal, 
minimizing the consequences of full-thickness 
electrocautery. 

 Different polypectomy snares are available 
with variable shape (oval, crescent, hexagonal), 
size (standard, mini, macro), and reusable vs. dis-
posable. Before polypectomy, the snare should 
always be checked to make certain that the tip 
closes at least 1.5 cm into the plastic sheath. The 
point on the handle at which the snare has closed 
so that the snare has just entered the plastic sheath 
should also be marked, as this indicates when 
mechanical closure is complete and approxi-
mately the amount of tissue enclosed in the snare. 

 All kind of polyps should be captured in the 
“six o’clock position” because the snare enters 
the fi eld roughly at this orientation; this can usu-
ally be accomplished by rotation of the colono-
scope relative to the polyp or changing the 
patient’s position. Because the optical element is 
located above the working channel of the endo-
scope, attempting to capture polyps at other ori-
entations may result in losing the visual fi eld 
against a fold prior to capture of the polyp. It is 
often easier to remove a polyp during the with-
drawal phase of the examination because in this 
phase loops are removed and the polyp may be 
more easily snared because both torque and tip 
defl ection are more responsive when the colono-
scope is straightened. Additionally, advancing 
proximal to the lesion, deploying the snare, and 
dragging it over the polyp often facilitate place-
ment of the snare. 

 Pedunculated polyps should be suffi ciently 
manipulated to assure the colonoscopist that the 
snare is near the polyp’s head but not around a 
portion of the head or normal tissue in order to 
leave a suffi cient stalk for regrasping if immediate 
bleeding occurs. Once snared, the lesion should 
be lifted away from the colonic wall to minimize 
contact with the opposing colonic wall avoiding 
contralateral electrocautery injury. After transec-
tion, the stalk should be observed briefl y to ensure 
that no immediate bleeding is occurring. In such a 
case, bleeding can be treated by regrasping the 
stalk and holding it for 5–10 min. Alternatively, 
injection of diluted adrenalin or application of 
clips has been reported as useful methods to stop 
immediate postpolypectomy bleeding. For large 
pedunculated lesions, additional strategies such as 
epinephrine injection (1:10,000) and attachment 
of a detachable loop snare (Fig.  3.12a, b ) or of a 
metal endoclip (Fig.  3.12c–e ) to the stalk prior to 
polypectomy should be considered to prevent 
postpolypectomy bleeding.

   Sessile polyps can be removed by standard 
monopolar electrocautery using principles simi-
lar to those for pedunculated polyps. Transection 
in a single piece is generally feasible even for 
large polyps with a diameter within 2 or 3 cm. 
After grasping, the polyp is lifted or tented into 
the lumen in order to create an artifi cial stalk. In 
the right colon, it is advisable to partially defl ate 
the lumen. Large sessile polyps represent a par-
ticular challenge to endoscopists because of the 
risks of hemorrhage, perforation, and inadequate 
polypectomy. 

 The submucosal injection technique has 
been proposed to make removal of large sessile 
colonic polyps easier and safer. Injection of fl u-
ids into the submucosa under the polyp 
increases the distance between the base of the 
polyp and the serosa, thus reducing the risk of 
bleeding, thermal injury, and perforation. The 
most commonly used fl uid is saline (normal or 
hypertonic), with or without epinephrine. With 
time, this fl uid will be reabsorbed; thus, other 
fl uids have been used in an attempt to prolong 
the effect, including 10 % glycerol/5 % fruc-
tose, 50 % dextrose, sodium hyaluronate, and 
hydroxypropyl methylcellulose. Sometimes 
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few drops of methylene blue can be added to 
enhance visualization of polyp margins. Fluid 
is injected using a standard sclerotherapy nee-
dle. The needle may be placed into the submu-
cosa at the edge of a polyp, or if the polyp is 
large and fl at, multiple injections may be given 
around the periphery and directly into the cen-
ter of the polyp. The desired elevation may 
require 3–4 mL of solution, although larger vol-
umes can be injected safely. It is preferable to 
inject the proximal (far) aspect of the polyp 
fi rst. If the distal aspect is injected fi rst, the 
polyp can be tilted away from the colonoscope, 
making subsequent resection more diffi cult. If a 
bleb does not immediately form, slowly with-
draw and lift the needle slightly while injecting 
until bleb formation is observed. However, if 
the polyp fails to elevate (the “non-lifting 
sign”), it may be an indication of infi ltration of 
the lesion into the submucosa and muscularis 
propria. Alternatively, this phenomenon may 

also be caused by a prior attempt at polypec-
tomy with healing and scarring of the layers, 
preventing this separation by fl uid injection or 
by the needle penetration out of the colon wall, 
and so the fl uid is being injected into the 
peritoneum. 

 Most (over 80–90 %) of the polyps encoun-
tered during routine endoscopy are less than 
10 mm; therefore, techniques to remove these 
lesions must be optimized due to its important 
clinical consequences. These polyps can be 
resected using a number of different techniques, 
including hot or cold biopsy (with or without 
cautery), hot or cold minisnare, or cold biopsy 
followed by fulguration with a bipolar electrode. 
Cold snaring is the best technique for virtually all 
small (<10 mm) and most diminutive (<5 mm) 
polyps. Cold snaring allows effi cient resection of 
polyp tissue in a single piece, with a margin of 
normal tissue to ensure complete eradication. 
Occasionally, polyps less than 10 mm are 
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  Fig. 3.12    Detachable loop snare ( a ,  b ) and metal endoclip ( c – e ) applied to the stalk of two giant pedunculated polyps 
to prevent postpolypectomy bleeding       
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 narrow- based and bulky or pedunculated. In 
these occasional situations, hot snare resection 
may be warranted because of the higher risk of 
immediate bleeding with a more vascular 
pedicle. 

 The technique of cold snaring is fundamen-
tally different from snaring with electrocautery. 
With cold snaring, the endoscopist advances the 
snare sheath, opens the snare, and encircles the 
polyp. The snare is then slowly and progressively 
closed, with the aim of capturing 1–2 mm of nor-
mal tissue around the polyp, until complete clo-
sure is achieved and the polyp is guillotined. 
Suction can help the snare to capture the polyp 
and surrounding tissue. The polyp can then be 
readily suctioned and retrieved.  

3.7.3     Retrieval of Multiple Polyps 

 Retrieval of multiple polyps or multiple frag-
ments of a big polyp could be a diffi cult chal-
lenge. A single snared polyp could be retrieved 
with the standard polypectomy snare; alterna-
tively, a prolonged grasping device or wire basket 
may be used. In addition, dedicated Roth Net 
snare with a special net has been introduced for 
the removal of multiple fragments in one shot and 
has been proved to be safe and useful. The 
retrieval net could be particularly useful after 
piecemeal resection of large polyps in the proxi-
mal colon to avoid repeated introduction. Polyps 
as large as 7–8 mm in diameter could be aspirated 
and retrieved through the colonoscope using the 
commercially available fi ltered polyp suction 
trap. A useful trick for forced aspiration of larger 
polyp fragments is to remove the suction bottom 
valve, cover the opening with a fi nger, and wait.  

3.7.4     Complications 

 Endoscopic polypectomy could be associated 
with complications, such as bleeding, perfora-
tion, and postpolypectomy coagulation syn-
drome. Most of these complications are 
self-limiting or could be readily managed conser-

vatively and/or endoscopically. More rarely, they 
could be life threatening and/or require surgery. 
Risk factors for complications in this setting 
include multiple polypectomies, increased size, 
right colon location, and inexperienced 
endoscopist. 

 Bleeding, either immediate or delayed (usu-
ally within 1 week, but possible in up to 3–4 
weeks), is the most frequently observed 
complication. 

 For small polyps, the immediate bleeding rate 
is 0.5–2.2 %, while delayed bleeding is rare (0.3–
0.6 %). Most of the bleeding discovered in this 
setting is either self-limiting or easily treated in 
the same endoscopic session, with clip placement 
or adrenaline injection (1:10,000). Some of the 
proposed methods of preventing bleeding, such 
as prophylactic use of hemostatic clips or pro-
phylactic argon plasma coagulation, on the 
 polypectomy scar do not seem to be useful for 
preventing delayed bleeding in this setting. 

 Pedunculated polyps have an increased risk of 
bleeding. Epinephrine injection to both the stalk 
and the polyp head, as well as looping and clip-
ping techniques, has been successfully deployed 
to prevent the risk of bleeding after hot snare pol-
ypectomy. Even though injection of epinephrine 
may only prevent immediate but not delayed 
bleeding, this is the most widely used preventive 
method. 

 Perforation (immediate or delayed) is the sec-
ond most common complication of polypectomy. 
For small and diminutive polyps, the risk of per-
foration is nil when cold polypectomy is per-
formed. Perforation in polypectomy has in fact 
been mostly associated with electrocautery, so 
this technique is no longer advisable. On the 
other hand, removal of large lesions is associated 
with higher perforation rates (0–1.5 %). Lesions 
larger than 50 mm, located at the proximal colon 
especially the cecum, are other important risk 
factors for perforation, since the colonic wall is 
thin, while rectal location is a protective factor 
against perforation since the wall is thicker and 
retroperitoneal. Patients suffering from severe 
persistent pain that is not diminished by the pas-
sage of fl atus should undergo X-ray examination 
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to seek the presence of extraluminal air. A CT 
scan should also be considered. When the 
 endoscopist is sure that perforation has occurred 
by virtue of seeing the peritoneal cavity or other 
organ, then immediate surgical exploration is 
required. 

 Postpolypectomy coagulation syndrome is a 
rare manifestation of peritoneal irritation because 
of electrocautery but without evidence of perfo-
ration on computed tomography scan. It occurs in 
1.3–3.7 % of patients undergoing excision of 
large lesions (usually >2 cm), but requires hospi-
talization in only 0.07 %. Fever, abdominal pain, 
and increased infl ammation markers characterize 
it. Symptoms may occur up to 5 days after polyp-
ectomy, but this syndrome has an excellent prog-
nosis and is managed conservatively with medical 
therapy [ 21 – 23 ].   

3.8     Hemostasis Techniques 

3.8.1     Introduction 

 Therapeutic endoscopy is indicated for patients 
with active bleeding at the time of endoscopy and 
for patients with high-risk stigmata or lesions 
associated with a high rebleeding rate identifi ed 
at endoscopy. High-risk stigmata associated with 
ulcers include an evidence of active bleeding, an 
oozing from beneath an overlying clot, and a 
nonbleeding visible vessel at its base. A visible 
vessel usually appears as a red, blue, or white 
plug or mound. 

 Gastroduodenal vascular malformations and 
Dieulafoy lesions (an isolated blood vessel pro-
truding through a small nonulcer mucosal defect), 
although are a rare source of upper gastrointesti-
nal bleeding, have a high risk of bleeding with a 
high complication rate if left untreated. The com-
plication and rebleeding rates of these lesions 
signifi cantly decrease with effective endoscopic 
therapy. 

 Diffused mucosal bleeding from duodenitis or 
gastritis is usually not responsive to endoscopic 
intervention, except for portal hypertensive gas-

tropathy. Esophageal and gastric varices could 
also have endoscopic characteristics that are 
associated with a high rebleeding rate and will be 
discussed in a dedicated section. Colonic lesions 
amenable to endoscopic therapy include bleeding 
ulcers, vascular malformations, polyps, and 
bleeding polyp stalks. Colonic varices, either 
caused by portal hypertension or hereditary, are 
less amenable to endoscopic therapy than their 
upper tract counterparts because of their diffuse 
nature unless a discrete bleeding point is identi-
fi ed at the time of endoscopy.  

3.8.2     Nonvariceal Gastrointestinal 
Bleeding 

 Three endoscopic techniques could be used to 
control nonvariceal gastrointestinal bleeding: 
injective, thermal, and mechanical. The specifi c 
technique used depends on equipment availabil-
ity, site and type of bleeding lesion, and experi-
ence of the endoscopist. 

 Standard pediatric gastroduodenoscopes have 
a 2.0-mm operative channel, and consequently 
they will accommodate needles for injection ther-
apy but will not allow the use of thermal and 
mechanical devices. Standard adult gastroduode-
noscopes have a 2.8-mm operative channel suffi -
cient for all devices; however, the outer diameter 
(8.6–9.8 mm) of these endoscopes cannot be used 
in children below 10 kg. Adult therapeutic gastro-
duodenoscopes have either one or two operative 
channels ranging in sizes from 2.8 to 3.8 mm, but 
their outer diameter (11.3–12.9 mm) usually pre-
cludes their use in children below 20–25 kg. 

 Pediatric colonoscopes have a 2.8–3.8-mm 
channel allowing the use of all hemostatic 
devices. 

3.8.2.1     Injection Technique 
 This is an inexpensive and easy-to-learn method 
usually performed by injection of a liquid agent 
at three or four sites around an exposed bleeding 
vessel and then directly at the site of the vessel. 
The rationale for this technique is that a visible 
vessel is not an end artery and that for effective 
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hemostasis tamponade of the feeding vessel is 
required. Injection is most easily performed by 
injection of the proximal site of the lesion fi rst 
and distally thereafter; this avoids that injection 
over the distal site of the lesion as creation of the 
submucosal bleb may lift the bleeding site away 
from the view. Hemostasis results from a combi-
nation of vasoconstriction, mechanical tampon-
ade, and cytochemical mechanisms. 

 Injection needles consist of an outer sheath 
(plastic, Tefl on, or stainless steel) and inner 
hollow- core needle (19–25 gauge). Using a 
handle on the end of the needle sheath, the 
operator can retract the needle into the sheath 

for safe passage through the working channel 
of the endoscope. When the catheter is placed 
near the target lesion, the needle can be 
extended out of the end of the sheath to a preset 
distance, and a syringe attached to the handle 
is used to inject liquid agents. A combined 
injection needle/multipolar probe and a com-
bined injection needle/snare are available to 
allow for sequential injection and coagulation 
(Table  3.7 ).

   Table  3.8  lists the most commonly used solu-
tions, their concentrations, appropriate volumes, 
and recommended injection site. Except under 
unusual circumstances, injection therapy should 

   Table 3.7    Selected endoscopic accessories for injective hemostasis   

 Type  Diameter/size 
 Min endoscopic channel 
required (mm) 

 Representative products and 
manufacturers 

 Injection needle  23G, 25G 
 21G 

 2.0 
 2.8 

 Various 

 Injection-coagulation catheter  7 F (25G) 
 10 F (25G) 

 2.8 
 3.7 

 Injection gold probe/Boston 
Scientifi c 

 Injection-polypectomy snare  3.0 mm (25G)  3.7  iSnare/US Endoscopy 

  Adapted by Ref. [ 24 ]  

   Table 3.8    Sclerosant agents for nonvariceal bleeding   

 Solution  Concentration 
 Volume/number of injections/
location 

 Max total 
volume  Comments 

 Hypertonic 
saline-epinephrine 
combination 

 3.6 % 
saline + 1:20,000 
epinephrine or 7.2 % 
saline + 1:20,000 
epinephrine 

 3 mL 3–4 injections at base of 
bleeding vessel 

 9–12 mL  Repeat 
prophylactic 
injections if 
visible vessel 
present 24–48 h 
after fi rst 
hemostasis 

 Epinephrine with 
normal saline 

 1 mL 1:1000 
epinephrine + 9 mL 
normal saline 

 0.5–2.0 mL injected in multiple 
sites around bleeding vessel and 
into bleeding point itself 

 10 mL  Larger volumes in 
range for spurting 
vessels 

 Epinephrine 
followed by 
polidocanol 

 5–10 mL epinephrine 
1:10,000 
 Polidocanol 1 % 5 mL 

 Inject epinephrine into 
submucosa directly around 
blood vessel to achieve 
hemostasis by compression/
vasocostriction, then obliterate 
vessel with polidocanol 

 Epinephrine 
5–10 mL 
 Polidocanol 
5 mL 

 May substitute 
bipolar 
coagulation for 
polidocanol 

 Thrombin in 
normal saline 

 100 IU thrombin in 
3 mL normal saline 

 Inject into bleeding vessel 
10–15 mL total volume 

 10–15 mL 

 Epinephrine with 
normal saline for 
polypectomy 

 1 mL 1:1000 
epinephrine + 9 mL 
normal saline 

 1.0–2.0 mL per injection 
injected in multiple sites (3–4) 
around polyp to be raised up 

 30 mL  Goal is lack of 
vascular markings 
within injection 
site 

  Adapted by Ref. [ 24 ]  
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be confi ned to a single solution (single agent or a 
combination agent) during an injection episode 
to minimize the risk of ulcer extension or 
perforation.

   The main criticism of injective technique is 
that it may only provide temporary control of 
hemorrhage. For this reason, it is generally used 
to stop or slow down active bleeding prior to 
application of conclusive therapy such as thermal 
or mechanical technique. 

 Complications are usually related to the sub-
stance injected (e.g., arrhythmias and hyperten-
sion after adrenaline, bowel ischemia, and 
perforation after sclerosing agent injection in the 
thinner walled duodenum or right colon) and 
rarely to inappropriate technique (e.g., increased 
bleeding, rebleeding).  

3.8.2.2     Thermal Techniques 
 Thermal devices generate heat either directly 
(e.g., heater probe [HP]) or indirectly by passage 
of electrical current through tissue (e.g., multipo-
lar electrocautery [MPEC] probes, argon plasma 
coagulator [APC]). 

 Heater probe consists of a Tefl on-coated hol-
low aluminum cylinder with an inner heating 
coil. A thermocoupling device at the tip of the 
probe maintains a constant temperature. Probe 
activation results in delivery of a preselected 
amount of energy in joules to the probe tip. Once 
the pulse has been initiated, the duration of acti-
vation is predetermined. The probe is water per-
fused to prevent tissue adherence. Coagulation 
should be around the bleeding point or stigmata 
fi rst and then directly upon it. If a twin-channel 
instrument is used, the endoscopist is able to tam-
ponade the bleeding with the probe while simul-
taneously suctioning in the region of the ulcer 
base. The number of joules per pulse should be 
reduced, especially in right-sided colonic lesions. 
In 1–3 % of cases, perforation may occur after 
heater probe application for gastrointestinal 
bleeding because of the variable depth and extent 
of tissue injury after application. Precipitation of 
bleeding has been reported in up to 5 % of cases 
after heater probe application. 

 Because of these limitations, the bipolar probe 
or MPEC is more commonly used. In these 

devices, current is transmitted from one electrode 
on the probe to another electrode. Energy is 
delivered when any pair of electrodes is in con-
tact with the bleeding target. MPEC probes may 
have six points through which current can be 
passed; contact between any two is suffi cient, 
allowing for tangential contact. The maximal 
temperature achieved with this method is signifi -
cantly less than that of monopolar coagulation, 
resulting in less tissue injury and also greater effi -
cacy for vessels <2 mm. As with the heater probe, 
the correct technique is to compress the bleeding 
vessel fi rst and then to coagulate. Pulses should 
be applied as short, multiple pulses (2 s long) or 
a single pulse as long as 6–10 s. In adults, up to 
40 s total of electrocoagulation may be required. 

 Increased bleeding after bipolar coagulation 
has been reported in cases with a visible vessel; 
usually this bleeding is controllable with further 
bipolar coagulation, but on occasion surgery has 
been required. MPEC seems to be equally effec-
tive to heater probe in terms of hemostasis, inci-
dence of rebleeding, transfusion requirement, 
and need for emergency surgery. 

 In addition to sequential combination therapy, 
a combination probe is available that allows for 
sequential injection and coagulation without the 
use of a dual-channel endoscope or catheter 
exchange. 

 The APC is a noncontact electrocoagulation 
device that uses high-frequency monopolar alter-
nating current conducted to target tissues through 
ionized argon gas (argon plasma). 

 The probes, consisting of a Tefl on tube with a 
tungsten monopolar electrode contained in a 
ceramic nozzle close to the distal end of the probe, 
are 2.3 or 3.2 mm in outer diameter and are avail-
able in lengths of 220 or 440 cm. Probes are avail-
able to direct plasma either parallel or 
perpendicular to the axis of the catheter (Fig.  3.13 ). 
Gas fl ow rates can be varied from 0.5 to 7.0 L/
min, the power settings vary from 0 to 155 W, and 
the generator voltage ranges from 5000 to 
6500 V. Argon gas passes through the coagulation 
probe with an electrode at its tip. The foot switch 
activates the electrode, resulting in a fl ow of elec-
trically activated ionized gas from the probe to the 
tissue causing tissue desiccation at the interface. 
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If the catheter is not near target tissue (2–8 mm), 
there is no ignition of the gas, and depression of 
the foot pedal results only in fl ow of inert argon 
gas. After desiccation, the electrical resistance of 
the treated area increases, prompting the current 
to move to the untreated area of lower resistance. 
The depth of coagulation is dependent on the 
power setting, the gas fl ow rate, the duration of 
application, and the distance between the probe 
tip and the target tissue. The surface to be treated 
should be cleared of fl uids, limiting the usefulness 
of the APC in cases of active bleeding. If the over-
lying surface is not clear, then a coagulated fi lm 
may develop and the tissue beneath the surface 
may not be adequately treated. The correct tech-
nique is to put the probe to an optimal operating 
distance and to move the endoscope shaft to paint 
the confl uent area to be coagulated. The noncon-
tact nature of the technique makes it possible to 
treat large areas rapidly, in comparison with the 
heater probe or MPEC. The probe tip should not 
contact the  tissue because this is a monopolar 
probe and deep tissue injury may occur with con-
tact, although the safety of the technique is not 
forfeited by occasional inadvertent tissue contact. 
Care must also be taken to continuously aspirate 
the argon gas, which is fl owing under steady pres-

sure whenever the foot switch is activated during 
the procedure, because failure to do so can result 
in overdistension of the stomach or bowel, espe-
cially in smaller patients. Appropriate modifi ca-
tions will be required in pediatric patients, with 
current generators having minimum gas fl ow rates 
of 0.5 L/min and in right-sided colonic lesions 
that could be elevated with a saline cushion before 
treatment to reduce the risk of perforation.

   Applications for the APC include hemostasis 
of vascular ectasias, treatment of bleeding ulcers, 
treatment of residual adenomatous tissue, and 
ablative therapy. The primary pediatric indication 
is likely to be treatment of symptomatic gastroin-
testinal vascular lesions (Fig.  3.13 ). 

 Complications have been reported in 0–24 % 
of patients in various adult series and include 
gaseous distension, pneumatosis intestinalis, 
pneumoperitoneum, pneumomediastinum, sub-
cutaneous emphysema, pain at the treatment site, 
chronic ulceration, stricture, bleeding, transmural 
burn, and perforation.  

3.8.2.3     Mechanical Techniques 
 Endoscopic clips consist of a metal double- or 
triple-pronged preloaded clip, a delivery deploy-
ment catheter, and a handle used to operate and 

Circumferential oriented probe

c d

Side oriented probe End oriented probe

a b e

  Fig. 3.13    Schematic representation of the available different oriented probe for Argon Plasma Coagulator (APC) appli-
cation ( a – d ). Endoscopic view of APC treatment of a diffuse gastric bleeding ( e )       
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deploy the clip. Clips are available in a variety of 
jaw lengths and opening angles, they require a 
2.8-mm endoscope channel for deployment, and 
triple-pronged clip requires a 3.2-mm endoscopic 
channel. A double-pronged clip with reopening 
and repositioning capability up to fi ve times 
before deployment is available. 

 The preferred technique is to identify and clip 
the bleeding point fi rst and then to apply addi-
tional clips around the bleeding point if necessary. 
Because this is a mechanical technique, secure 
clip deployment is achieved with maximal cap-
ture of tissue around the bleeding vessel. Optimal 
clip positioning is best achieved with the clip 
extended a relatively short distance from the 
endoscope tip. This allows for more precise clip 
application and allows for exertion of downward 
force on the clip during its placement. The correct 
technique is to position the clip slightly away 
from the arterial base, allowing for an en face or 
tangential approach, and to push the open clip 
downward while simultaneously applying suc-
tion. The clip should be slowly closed and, if opti-
mally positioned, deployed. Reopening clips can 
be repositioned before deployment if required. 
The limitations of clip application relate to the 
location of the lesion and to size criteria. The 
proximal lesser curvature and gastric cardia may 
be diffi cult to approach for clipping directly or in 
the retrofl exed position, and in some cases it is 
easier to carefully expose the clip before retrofl ex-
ion. Duodenal ulcers involving the posterior wall 
of the duodenal bulb, fi brotic ulcers, and arterial 
vessel larger than 2 mm in diameter may be diffi -
cult to clip. In most cases, the clips dislodge spon-
taneously within 2–4 weeks and pass in the stool, 
although some have been in place for >1 year. 

 Although no adverse effects have been 
reported, magnetic resonance imaging may be 
contraindicated if clips are present. Clipping for 
acute nonvariceal hemostasis is associated with 
primary hemostasis rates in the range of 
84–100 %, with low rebleeding rates, comparable 
with those achieved with injection, thermal, and 
combination therapies. As with thermal therapy, 
hemostatic clipping has been used as part of com-
bination therapy in conjunction with epinephrine 
injection. 

 Clipping and other mechanical techniques 
have been shown to be more effi cacious and are 
associated with a lower rebleeding rate than non-
mechanical therapies for patients with Dieulafoy 
lesion, Mallory-Weiss tears, and colonic bleeding 
after biopsy, after polypectomy, from hemor-
rhoids, or from solitary rectal ulcer syndrome. 
Complications after clipping are extremely rare 
but include a case wherein a clip inadvertently 
perforated a gastric ulcer and was applied to the 
splenic artery, and a case of colonic perforation 
thought to be due to clip placement for postpol-
ypectomy bleeding. 

 Detachable loops consist of a circular- or 
elliptical-shaped nylon loop preloaded onto a 
delivery system that includes a hook wire to 
which the loop is attached within a Tefl on sheath 
and an opening handle. The outer diameter of 
2.6 mm requires a 2.8-mm operative channel. 
Both reloadable and single-use preloaded devices 
are available. The loop is used in a manner simi-
lar to the technique of polypectomy snare place-
ment. The maximal loop opening size is 30 mm. 
The loop is tightened with advancement of a sili-
con rubber stopper. The loop is then detached 
after hemostasis is achieved without transecting 
the lesion. The primary indication for loop place-
ment is for the prevention or management of 
postpolypectomy bleeding. When the loop is 
applied before polypectomy snare placement, 
care must be taken to avoid entanglement of the 
loop in the polypectomy snare. Before polypec-
tomy, detachable loop placement should result in 
change of the color of the polyp head without 
transection. If the loop is applied too tightly, 
amputation of the polyp may occur with resultant 
bleeding; if it is too loose, bleeding may occur 
after polypectomy. Hemostatic loop placement 
has also been effective in the management of 
bleeding Dieulafoy lesions and has been used for 
bleeding gastric varices.   

3.8.3     Variceal Bleeding 

 Currently endoscopic variceal ligation (EVL) is 
the primary choice for the endoscopic manage-
ment of variceal bleeding in children. However, 
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this treatment cannot be applied to small children 
due to technical limitations, and sclerotherapy is 
still recommended as an alternative approach in 
these cases. Primary endoscopic prophylaxis is 
only indicated in some children (i.e., patients 
who live in remote areas far from emergency 
medical care), and secondary prophylaxis is rec-
ommended for cirrhotic children, whereas a 
meso-Rex shunt operation is the fi rst choice for 
prophylaxis in children with extrahepatic portal 
vein obstruction (EHPVO). Many of the current 
recommendations for the management of vari-
ceal bleeding have been adopted from case series 
in children and RCTs in adults. 

 An extensive experience with emergency 
sclerotherapy exists in children. A variety of agents 
have been used (sclerosants, chemically irritating 
compounds such as ethanolamine/tetradecyl sul-
fate). These sclerosants are injected either intra- or 
para-variceal, until bleeding has stopped. In the set-
ting of emergency sclerotherapy, it is important to 
be aware of the signifi cant incidence of associated 
bacteremia and to consider antibiotic prophylaxis 

in most patients. The effectiveness of sclerotherapy 
has been studied for both prevention and subse-
quent bleeding episodes. Considerably, whereas a 
band ligation device can only be used with an adult 
endoscope, an injection needle can be applied to 
every scope. Hence, sclerotherapy can be applied 
even to a neonate. It is also a very inexpensive 
method and is not technically diffi cult. 

 Although endoscopic sclerotherapy has been 
widely used with effective treatment of bleeding 
in neonates and children, side effects from the 
sclerosants can be signifi cant, such as perfora-
tion, bleeding, ulceration, and stricture formation 
at the injection site. The range of complications 
associated with sclerotherapy has prompted the 
development of alternative endoscopic methods 
such as band ligation. 

 EVL can stop variceal bleeding through rubber 
band ligation of the variceal vessel and consequent 
mechanical strangulation (Fig.  3.14 ). After con-
fi rming the target varices that require ligation, the 
scope is advanced under direct vision until the 
banding cylinder is in full 360° contact with the 
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  Fig. 3.14    Schematic representation of endoscopic variceal banding ligation (EVL) technique ( a – d ) and endoscopic 
view at the end of the procedure ( e )       
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varix (Fig.  3.14a ). After full contact is made, suc-
tion is applied by depressing the endoscopic aspi-
ration control valve, which draws the varix and 
surrounding mucosa into the banding chamber 
(Fig.  3.14b ). Once the chamber is completely 
fi lled by the varix, which is evident by a complete 
“red out” and loss of endoscopic visibility, the trip 
wire is pulled (Fig.  3.14c ) to push the elastic band 
over the varix. The engorged varix is strangulated 
at the mucosal junction (Fig.  3.14d, e ). Treatment 
begins with ligation of the most distal variceal col-
umns in the esophagus just above the gastroesoph-
ageal junction, commencing with the bleeding 
varix, if one is present. Subsequent ligations of the 
remaining varices are performed at increasingly 
higher levels, proceeding upward in a spiral fash-
ion to avoid circumferential placement of bands at 
the same level. Large varices should have addi-
tional bands placed more proximally within the 
distal 10 cm of the esophagus. A 2-cm mucosal 
bridge between adjacent bands is essential to mini-
mize mucosal necrosis, rebleeding, and dysphagia. 
After banding, patients eat soft food for 2 days. 
Repeated treatments are performed at intervals of 
2 or 4 weeks. On average 6–9 bands are applied at 
the initial session and progressively fewer at sub-
sequent session. EVL may be a preferable 
approach because it is easier and safer. Direct 
comparisons of endoscopic sclerotherapy and var-
iceal ligation both in adult and pediatric patients 
demonstrated similar rate of control of active 
bleeding and recurrence of hemorrhage with sig-
nifi cantly lower overall complications and mortal-
ity rate for EVL. In addition, variceal ligation 
appears to lead to obliteration in fewer sessions. 
Potential concerns of this technique in children 
includes the impossibility to perform this tech-
nique in small children due to the scope and asso-
ciated ligature attachment size as compared to the 
child’s size (youngest described case was 4 years 
old) and the possible entrapment of the full thick-
ness of the esophageal wall (esophageal wall is 
thinner than adults) by the rubber band with subse-
quent risk of ischemic necrosis and perforation.

   For the endoscopic treatment of gastric vari-
ceal bleeding in adults, vascular occlusion with 
N-butyl-2-cyanoacrylate injection is recom-
mended because sclerotherapy has shown a high 

rate of complications and band ligation shows a 
lower rate of therapeutic success and higher rate 
of rebleeding than vascular occlusion in these 
cases. The intravariceal injection of N-butyl- 2-
cyanoacrylate causes rapid occlusion of the vari-
ces when it makes contact with blood. To prevent 
damage in the working channel when applying 
this method, the radiographic contrast agent lipi-
odol is mixed with the N-butyl-2- cyanoacrylate 
to delay permanent hardening and enable 
 radiologic observations after the procedure. If 
the N-butyl-2-cyanoacrylate is too dilute to 
travel through the vessels due to slow hardening, 
there is a risk of a fatal cerebral or pulmonary 
embolism developing. Small aliquots are thus 
recommended for these injections. Even though 
this technique may be considered in children, 
only a pilot study involving eight patients 
younger than 2 years old and weighing less than 
10 kg who had gastroesophageal varices has 
been performed. Although glue injection 
(0.5–2 mL injected) was successful in all infants 
with immediate control of bleeding and a low 
rebleeding rate of 37.5 % requiring a second 
treatment with cyanoacrylate, this data is too 
small to properly evaluate this treatment modal-
ity in pediatric cases [ 24 – 26 ].   

3.9     Dilation Techniques 

 Stricture dilation may be indicated when there is 
associated clinical impairment or a need to access 
beyond the stricture for diagnosis or therapy. 
Dilators used in gastrointestinal endoscopy can 
be allocated into two categories: fi xed diameter 
push-type dilators (bougie dilators) and balloon 
dilators. 

 Bougie dilators are available in a variety of 
designs, calibers, and lengths and are usually 
reusable. They exert both radial and longitudinal 
forces when advanced through a stenosis and are 
used primarily in the treatment of esophageal 
and rectal strictures. Users should refer to the 
manufacturer’s instructions for guidance on 
reprocessing. 

 Nonwire-guided bougie dilators (Hurst and 
Maloney dilators) are fl exible push-type dilators 
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that do not accommodate a guidewire. They are 
available in a variety of diameters and are inter-
nally weighted with tungsten for gravity assis-
tance. Hurst dilators have a blunt, rounded tip, 
whereas Maloney dilators have an elongated, 
tapered tip. 

 Wire-guided bougie dilators (Savary-Gilliard 
and America dilation system dilators) are fl exi-
ble, tapered, polyvinyl chloride, and latex-free 
cylindrical solid tubes with a central channel to 
accommodate a guidewire. Tucker dilators are 
small (4–13.3 mm) silicone bougies tapered at 
each end; loops on each end can be pulled ante-
gradely or retrogradely across strictures. A gas-
trostomy is required for use. These may be useful 
in the treatment of tortuous strictures secondary 
to caustic ingestion. 

 Balloon dilators are available in an array of 
designs, and lengths; calibers are marketed only 
for single use. They exert only radial forces 
when expanded within a stenosis and can be 
used in the treatment of all accessible strictures 
throughout the GI tract including small bowel 
strictures. They are designed to pass through the 
endoscope with or without wire guidance so that 
dilation can be observed. Balloon dilators are 
made of low- compliance infl atable thermoplas-
tic polymers that allow uniform and reproduc-
ible expansion to their specifi ed diameter at 
maximum infl ation. The majority of balloon 
dilators allow for sequential expansion to multi-
ple diameters. Dilating balloons are expanded by 
pressure injection of liquid (e.g., water, radi-
opaque contrast) by using a handheld accessory 
device. The hydraulic pressure of the balloon is 
monitored manometrically to gauge radial 
expansion force. Infl ation with radiopaque con-
trast enhances fl uoroscopic observation. 

 Achalasia balloon dilators are large-diameter 
(30, 35, and 40 mm) polyethylene balloon dila-
tors specifi c for achalasia. All currently available 
achalasia balloon dilators are wire guided, single 
use and do not pass through the endoscope. They 
are positioned across the esophagogastric junc-
tion by using fl uoroscopic guidance with visual-
ization aided by the radiopaque markers on the 
balloon. Balloon insuffl ation with air is moni-
tored manometrically. 

3.9.1     Patients Preparation 
and Techniques 

 Patient preparation will depend upon the main 
cause and site of stricture. Patients with achalasia 
may require prolonged fasting and removal of 
food rests using a nasoesophageal tube. Adequate 
colon cleansing is needed for the treatment of 
lower GI tract stricture, and laboratory tests may 
be warranted in patients with blood dyscrasias or 
those taking anticoagulant therapy. Prior to 
endoscopy, all patients have to provide written 
informed consent, also with written information 
about the risk of perforation, and the possible 
need for surgery. General anesthesia is needed to 
perform dilation in children. After the procedure, 
patients should be observed for 24 h. Radiographic 
contrast examination is not performed routinely 
before dilation, but it is performed after dilation 
of achalasia or complex strictures to exclude per-
foration. Antibiotics are not used routinely before 
dilation. Anticoagulants should be discontinued. 
PPI therapy is recommended after esophageal 
dilation for peptic stricture. 

 Dilation can be performed with or without 
endoscopic, fl uoroscopic, and/or wire guidance. 
Selection of different types of dilators depends on 
operator preference, type, and site of the stricture. 
Selection of the appropriate size is critical for safe 
and effective dilation. Techniques may need to be 
modifi ed for complex strictures (e.g., length 
>2 cm, lumen diameter <12 mm, tortuous) and/or 
specifi c disease states and locations in the GI tract. 

 Wire-guided bougie dilators (Savary and 
American dilators) are passed over a guidewire 
endoscopically placed and subsequent endoscope 
removal (Fig.  3.15a ). Nonwire-guided bougies 
(Hurst and Maloney) are passed blindly into the 
esophagus. These may have a higher rate of per-
foration in the presence of large hiatal hernias or 
complex strictures.

   Balloon dilators in the GI tract may be passed 
with or without wire guidance. The balloon is 
positioned across the stenosis and infl ated under 
direct endoscopic visualization. Nonwire-guided 
balloons are used in a similar fashion but are 
passed across the stenosis by using endoscopic 
visualization only (Fig.  3.15b ). 
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 Pneumatic balloon dilation of the lower 
esophageal sphincter with a large-diameter wire- 
guided balloon is the mainstay of endoscopic 
therapy for achalasia (Fig.  3.15c ). Dilation is 
generally performed over a wire endoscopically 

placed and under fl uoroscopic guidance initially 
using a 30-mm balloon. Although nonfl uoroscop-
ically guided dilation using endoscopic visualiza-
tion alone has been reported. A brief 6-s dilation, 
suffi cient to obliterate the balloon’s waist, was 
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  Fig. 3.15    Schematic representation of esophageal dilation performed with Wire-guided Savary dilator ( a ), with a 
nonwire-guided balloon ( b ) and with a large diameter wire-guided balloon in a case of Achalasia ( c )       
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shown to be as effective as the standard 60-s 
dilation. 

 Although the choice of dilatation device is left 
to the individual endoscopist, the “rule of three” 
has been the standard for bougie dilation. 
Specifi cally, the initial dilator chosen should be 
based on the known or estimated stricture 
 diameter; serial increases in diameter are then 
performed. After moderate resistance is encoun-
tered with the bougie dilator, no greater than three 
consecutive dilations in increments of 1 mm 
should be performed in a single session. Although 
this rule does not apply to balloon dilators, most 
balloons allow a three-step infl ation process, each 
of 1 mm, practically paralleling the “rule of three.” 

 Current AGA recommendations for manage-
ment of peptic esophageal stricture include con-
sideration that steroid injection into benign 

strictures immediately before or after dilation has 
been advocated to improve outcome by decreas-
ing the need for repeat dilations. This technique 
has also been successfully used to prevent stric-
ture recurrence after balloon dilation in children 
with stenotizing Crohn’s disease (Fig.  3.16 ).

   Interruption of strictures (e.g., esophageal 
webs, Schatzki rings) with biopsy forceps or 
needle- knife electrocautery, either as the sole 
treatment or in conjunction with dilation, has 
been successfully demonstrated.  

3.9.2     Complications 

 Perforation is the major complication associated 
with endoscopic dilation (0.1–1 %). It appears 
that perforations are common using a single 
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  Fig. 3.16    Endoscopic view of ileocolonic stricture ( a ) balloon dilation ( b ,  c ) followed by intralesional steroid injection 
( d ) in a child with Crohn’s disease       
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nonwire- guided bougie size dilator particularly 
in children with complex stricture or with a 
large hiatal hernia. Other possible complica-
tions include chest pain, bleeding, and 
bacteremia. 

 The risk of perforation with balloon dilation in 
achalasia is in the range of 3–4 % with a mortality 
rate of <1 %. Other complications associated 
with achalasia dilation include prolonged pain 
and intramural hematomas. Open surgical repair 
with myotomy of early recognized endoscopic 
perforation offers an outcome similar to that of 
elective open myotomy. However, if endoscopic 
perforation occurs after pneumatic dilation, lapa-
roscopic myotomy is usually not technically fea-
sible. In patients with failed myotomy, pneumatic 
dilation could be safely performed. 

 Perforation after dilation usually occurs at the 
site of the stricture, but it could happen also in 
different site mainly related to the inappropriate 
use of nonwire-guided dilators and consequent 
creation of false track through the intestinal wall. 
Some experts recommend endoscopic inspection 
immediately upon completion of the dilatation 
procedure as the appearances may raise the pos-
sibility of perforation and prompt early treat-
ment. Perforation should be suspected if severe 
or persistent pain, dyspnea, tachycardia, or fever 
develops. Physical examination may reveal sub-
cutaneous crepitus of the chest or cervical region 
in cases of esophageal perforation. Although a 
chest or abdominal radiograph could show a per-
foration, a normal study result does not exclude 
this diagnosis and a water-soluble contrast esoph-
agram or computed tomogram of the chest/abdo-
men may be necessary to disclose a perforation 
[ 27 – 29 ].   

3.10     Percutaneous Endoscopic 
Gastrostomy 

3.10.1     Indications and Contraindications 

 In children unable to take adequate oral nutrition 
reliably and safely for more than 1–3 months, 
placement of a gastrostomy should be considered 
to avoid complications of nasogastric tube feed-

ing. Gastrostomy could be used not only as an 
enteral tube feeding but also for gastric decom-
pression and ⁄ or to administrate medications. 

 The most common indications for percutane-
ous endoscopic gastrostomy (PEG) placement 
are listed in Table  3.9  and could be listed in four 
main groups: inability to swallow, inadequate 
caloric intake, special feeding requirements, and 
continuous enteral feeding.

   There are a number of relative but few abso-
lute contraindications to PEG placement (see 
Table  3.9 ). Uncorrectable coagulopathy and 
unfavorable anatomy resulting in lack of transil-
lumination with inability to bring the anterior 
gastric wall in apposition to the abdominal wall 
are considered the main absolute contraindica-
tions for PEG placement. Careful patient selec-
tion and care in performing the procedure are 
known to reduce morbidity and mortality, which 

    Table 3.9    Indications and contraindications for PEG   

  Indications    Underlying disorders  
 Inability to swallow  Neurological disorders 

 Multiple congenital 
malformations 
 Oropharyngeal dysmotility 
 Epidermolyis bullosa 
 Others 

 Inadequate caloric 
intake 

 Cystic fi brosis 
 Congenital heart disease 
 Chronic respiratory failure 
 Oncologic disease 

 Special feeding 
requirements 

 Unpalatable formula in multiple 
food allergies, metabolic 
diseases, or renal failure 

 Continuous enteral 
feeding 

 Short bowel syndrome 
 Malabsorption 

  Contraindications  
   Absolute 
    Colonic interposition 
    Severe and uncorrectable bleeding disorder 
    Gastric varices 
    Severe ascites 
    Pharyngeal or esophageal obstruction 
   Relative 
    Hepatosplenomegaly 
    Ascites 
    Previous abdominal surgery 
    Scoliosis 
    Microgastria 

  Adapted by Ref. [ 30 ]  
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are generally higher in patients with acute states 
of severe illness, such as heart failure.  

3.10.2     Technique 

 PEG placement should be carried out in an oper-
ating room under general anesthesia. Prophylactic 
use of antibiotics (a single dose of broad- spectrum 
antibiotic administered before the procedure) is 
recommended to prevent local or systemic infec-
tion. An endoscopist together with an appropri-
ately trained assistant, who is responsible for skin 
puncture and insertion of the guidewire, is war-
ranted for PEG placement. Available PEG place-
ment kits typically contain a gastrostomy tube 
with internal and external retaining devices, a skin 
trocar, a guidewire, and a plug adaptor for the 
tube. Gastrostomy tubes are made from polyure-
thane or silicone rubber and are available in a 
range of sizes from French gauge 9–24, with sizes 
12–15 being suitable for most of the children. 

 The most popular technique of insertion is the 
“pull” technique because it has many advantages 
over the other techniques especially in young chil-
dren. The patient is placed in the supine position, 
and the anterior abdominal wall is cleaned using 
an operative skin disinfection protocol. An endo-
scopic examination of the esophagus and stomach 
is then performed. The duodenum is not examined 
so as to minimize intestinal air distension. 

 The stomach is infl ated however, so as to bring 
the anterior gastric wall in close contact with the 
abdominal wall. The endoscopist’s assistant now 
identifi es the correct skin puncture site (Fig.  3.17 ). 
The best option is to enter the stomach close to 
the junction of the gastric antrum and body. The 
site is located by using endoscopic transillumina-
tion (a bright point of light should be seen on the 
abdominal wall). If a clear point of transillumina-
tion cannot be identifi ed, the assistant should not 
proceed with the puncture because this suggests 
the colon lies interposed between the stomach 
and the abdominal wall. When a good transillu-
mination can be identifi ed (Fig.  3.17c ), the assis-
tant applies digital compression at the proposed 
insertion site, and the endoscopist confi rms that 
this is a suitable entry point in the stomach 
(Fig.  3.17a, b ). The correct insertion point is usu-
ally midway between the umbilicus and the 

 junction of the costal margin and left midclavicu-
lar line.

   Some operators may fi rst insert a needle so 
that the endoscopist can confi rm the correct loca-
tion (Fig.  3.17d ). The assistant now performs the 
puncture by holding the trocar perpendicular to 
the abdominal wall and pushing it through into 
the infl ated stomach. The endoscopist confi rms 
entry of the trocar and its overlying plastic sheath 
(Fig.  3.17e ). The trocar is withdrawn while leav-
ing the sheath in situ to provide a secure track for 
the guidewire. The guidewire is passed through 
the plastic sheath (Fig.  3.17f ), the endoscopist 
grasps it with the forceps (Fig.  3.17g–i ), and the 
sheath is then withdrawn as the guidewire is 
slowly drawn into the stomach. The entire assem-
bly including endoscope, forceps, and guidewire 
is then withdrawn. The guidewire now passes 
through the abdominal puncture, into the stom-
ach, and out through the mouth. The proximal 
end of the guidewire is tied to a loop on the end 
of the gastrostomy tube (Fig.  3.17l ). The distal 
end of the guidewire is gently pulled, drawing the 
tube and its internal bolster through the mouth, 
down the esophagus, into the stomach, and out 
through the puncture site, until the internal retain-
ing device comes to lie on the anterior gastric 
wall (Fig.  3.17m ). Sometimes it is necessary to 
make a small incision at the puncture site to facil-
itate passage of the gastrostomy tube out through 
the skin. 

 The distal end of the tube, still attached to the 
guidewire, is now cut off. An outer retaining 
device such as a disk is passed over the external 
tube, and this holds the tube at the abdominal 
wall so that it cannot slip back into the stomach. 
It is important to ensure that this external retain-
ing device is not so loose as to be ineffective or so 
tight as to cause pressure damage. Local anes-
thetic may be injected around the incision point 
to reduce postoperative discomfort. 

 The tube is now cut to the desired length and 
the adaptor plug is inserted. A small amount of 
iodinated disinfectant may be applied to the 
external retaining device. A dry dressing is 
applied to the site for removal after 24–48 h. 
Finally, the endoscope should be reinserted to 
confi rm that the inner retaining device is posi-
tioned correctly and to ensure that there is no 
bleeding (Fig.  3.17n ). 
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  Fig. 3.17    Schematic representation and endoscopic view 
of the different PEG placement phases. ( a–c ) The endos-
copist’s assistant identifi es the correct skin puncture site. 
( d ) The assistant now performs the puncture by holding 
the trocar perpendicular to the abdominal wall and push-
ing it through into the infl ated stomach. ( e ) The endosco-
pist confi rms entry of the trocar and its overlying plastic 
sheath. ( f ) The guide wire is passed through the plastic 
sheath. ( g–i ) The endoscopist grasps it with the forceps 
and the sheath is then withdrawn as the guide wire is 
slowly drawn into the stomach. The entire assembly 

including endoscope, forceps, and guide wire is then 
withdrawn. ( l ) The proximal end of the guide wire is tied 
to a loop on the end of the gastrostomy tube. The distal 
end of the guide wire is gently pulled, drawing the tube 
and its internal bolster through the mouth, down the 
oesophagus, into the stomach and out through the punc-
ture site, until the internal retaining device comes to lie on 
the anterior gastric wall ( m ). ( n ) Finally, the endoscope 
should be reinserted to confi rm that the inner retaining 
device is positioned correctly and to ensure that there is no 
bleeding        
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 Children should be admitted overnight to 
ensure adequate pain control and safe initiation 
of feeds. In the immediate postoperative period, 
the patient’s general condition is monitored and 
the abdomen is examined for signs of peritonitis 
or signifi cant pneumoperitoneum. Most of the 
children require some analgesia during the fi rst 2 
days. PEG should be used after 24 h starting with 
saline solution for few hours and then with desig-
nated liquid formula. 

 For 1 week, daily aseptic cleaning of the site is 
recommended and a sterile dressing can be 
applied. Subsequently, simple washing is suffi -
cient and a dry dressing may be placed over the 
outer collar. Occlusive dressings are not recom-
mended as they increase the risk of local 
infection. 

 After a period of 2–3 months or more, once the 
gastrostomy tract has healed, a more suitable device 
known as “gastrostomy button” can replace the gas-
trostomy tube. This device consists of a shorter 
(0.5–4.5 cm in length) and wider (e.g., 14–16 
French) tube, just suffi cient to traverse the fi xed 
track, with some form of internal retaining device. 

 Their fi xed length requires measurement of 
the formed track before insertion of the new 
device. This can be done with a graduated mea-
suring device before selection of the correct 
length of device. 

 They can be inserted and removed quite eas-
ily, usually without need for sedation or general 
anesthesia. Only the fi rst insertion of this device 
should be performed under endoscopic control to 
be sure that the balloon is correctly placed in the 
stomach and not in the colon as in the case of 
gastrocolic fi stula. The only disadvantages are 
that they need to be changed every 4–6 months.  

3.10.3     Complications 

 Complications may be classifi ed as early and 
late. 

 Early complications as a direct result of PEG 
placement occur within 30 days of insertion and 
include pneumoperitoneum, colonic injury or 
gastrocolic fi stula, small bowel injury, hepatic/
splenic injury, bleeding, and stoma leak. 

 Pneumoperitoneum is a frequent postopera-
tive fi nding identifi ed radiologically in 5–50 % of 
patients. It is usually of minor clinical conse-
quence, but could be a sign of iatrogenic bowel 
injury and hence should not be dismissed in the 
relevant clinical context. 

 Colonic injury or gastrocolic fi stula is uncom-
mon, but owing to the displacement of the trans-
verse colon over the anterior gastric wall, it can 
lead to puncture of the colon during the blind 
insertion of the needle/trocar. Risk factors include 
under- or overdistension of the stomach, a left 
diaphragmatic hernia, and signifi cant kyphosco-
liosis. This complication could be detected early 
or late, frequently after many months, and even 
only during exchange of the PEG tube with gas-
trostomy button (Fig.  3.18 ). Clinical signs include 
the presence of undigested feed in stools, diar-
rhea immediately after feeding, feculent vomit-
ing, or discharge from the gastrostomy track.

   Small bowel injury is most common in chil-
dren who have undergone prior abdominal sur-
gery and occurs owing to adhesions that have 
fi xed small bowel loops anterior to the liver, mak-
ing them highly susceptible to injury during tro-
car insertion. 

 Stoma leak is common after PEG placement 
and may only need gentle tightening of the exter-
nal fi xation device to ensure close apposition of 
the internal bumper to the gastric wall. More per-
sistent leaks may however lead to peritonitis. 

 Hemorrhage is an extremely rare complica-
tion resulting from gastric, peritoneal, retroperi-
toneal, and abdominal wall injuries. Hypotension 
without evidence of intraluminal bleeding is sug-
gestive of parenchymal lesions (mainly liver and 
spleen) and should be promptly recognized and 
treated surgically. Puncture of abdominal wall 
vessels may present with bleeding from the PEG 
tract itself. Tightening the external and internal 
bumper may assist with hemostasis. 

 Late complications include local infection, 
granulation tissue, and buried bumper syndrome. 

 Peristomal wound infection is one of the most 
common complications of PEG (30–40 %). 
Prophylactic antibiotics are able to reduce stomal 
infection rates. If discharge occurs around site or 
erythema is present, the site could be swabbed 
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and evidence of colonization and antibiotic sensi-
tivities obtained. The site is almost always colo-
nized without causing tissue infection, although 
pain around the site and tissue swelling suggest 
bacterial invasion. Depending on clinical status, 
the child may need topical or systemic antibiot-
ics. Less than 5 mm of erythema around the outer 
stoma site is common and is likely owing to local 
irritation by movement of the external bumper or 
minimal leakage. 

 Overgranulation at the gastrostomy site is 
seen as red/pink tissue at the stomal border that 
extends above the surrounding skin. This is a 
common complication that is usually owing to an 
ill-fi tting device, wherein excessive movement or 
leakage leads to an excessive healing response. 
The granulation tissue has a tendency to bleed 

easily; it tends to discharge continuously and 
may cause local pain. Treatment options include 
silver nitrate, topical corticosteroids, cryother-
apy, or surgical debridement. Silver nitrate does 
not cause any pain if applied only to the granula-
tion tissue and is helpful to shrink down exces-
sive granulation tissue. 

 Buried bumper is most common in the second 
year after insertion and occurs in approximately 2 % 
of children. The internal fl ange migrates through the 
gastric wall and potentially into the peritoneal 
space. Signs include diffi culty in infusing fl uid and 
feeds, with an increasing diffi culty in moving and 
rotating the PEG during the weekly cares. This may 
be minimized by ensuring a correctly fi tting device 
at regular review, particularly to ensure increasing 
tube length in line with weight gain. 

b

d

a

c

  Fig. 3.18    Schematic ( a ) representation of a gastrocolic fi stula as a complication of PEG. Radiographic study ( b – d ) 
with water-soluble contrast solution shows tip of tube in the lumen of trasverse colon       
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 If suspected, an upper endoscopy is warranted. 
Feeds should be discontinued until a diagnosis is 
made, as complications include sudden peritoni-
tis and the formation of intraperitoneal or abdom-
inal wall abscesses. In some cases, it is possible 
to pass a guidewire through the tube lumen under 
endoscopic control, gently dilate the tract with a 
dilator, and use the patent tract to insert a button. 

3.10.3.1     PEG Care 
 It is quite normal to experience some clear or col-
ored discharge from around the site for the fi rst 
7–10 days post placement while the site is heal-
ing. The site should be cleaned daily with warm 
soapy water; after cleaning, it is essential to ensure 
the area is fully dry. The use of creams and pow-
ders around the tube should be avoided as this 
may contribute to irritation and softening of the 
skin, which can lead to superfi cial skin infection. 

 In addition to the observation of the site for 
infection, a PEG requires daily care. One should 
also check and document any erythema, skin 
breakdown, granulation tissue, and pain, swell-
ing, or offensive discharge. 

 Baths can be given once the incision site has 
healed. This is normally a minimum of 48 h after 
the gastrostomy has been placed. Swimming is 
permitted, but should not be encouraged for 2 
weeks following gastrostomy placement. 
Dressings that cover, sit under, or occlude the 
gastrostomy are not recommended and usually 
not required. In specifi c circumstances, dressings 
may be helpful, such as silver dressings for the 
treatment of excessive granulation tissue forma-
tion and antimicrobial dressings in the presence 
of minor, superfi cial infection. 

 Flushing of the gastrostomy tube is essential 
to maintain tube patency, prevent tube blockages, 
and reduce bacterial overgrowth. Commonly, 
20 mL of water is recommended, with smaller 
volumes used in certain circumstances, for exam-
ple, if a child is fl uid restricted and to avoid fl uid 
volume overload. Caregivers should be instructed 
not to pull on the tube and to avoid any persistent 
tension as this may lead to progressive migration 
of the bumper into the abdominal wall, leading to 
“buried bumper syndrome.” To prevent this com-
plication, PEG should be carefully pushed into 

the stomach by 1–2 cm and then rotated once a 
week from day 7 postinsertion. 

 Teaching of all peoples involved in the care of 
the PEG begins before PEG placement and at the 
time of the decision to proceed to insertion. 
Teaching initially includes the demonstration of 
different devices and explanation of the planned 
surgical procedure. However, in addition to 
teaching the child and family, support for staff 
involved in caring for each patient in the com-
munity may be necessary. There are several key 
aspects of PEG use and care that should be taught. 
The family and caregivers should have the fol-
lowing competencies assessed to confi dently be 
able to manage their child’s PEG tube [ 30 ,  31 ].       
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4.1          Introduction 

 Anesthesia for digestive surgery is not a subspe-
cialty, but some aspects are typical to this type of 
surgery. 

 Abdominal surgery in the pediatric patient 
may be performed for a wide variety of congeni-
tal, neoplastic, traumatic, and infectious diseases. 
An optimal approach to the planning of anesthe-
sia for digestive surgery requires not only a good 
knowledge of the technical features and an under-
standing of the physiological alterations associ-
ated with the anesthetic and surgical procedure 
but also of the patient’s underlying status. 

 In addition some physiological modifi cations 
associated with digestive surgery are infl uenced 
by particular surgical approaches such as lapa-
roscopy or liver resections, by the anesthetic 
agents administered, by the patient’s underlying 
myocardial and respiratory function, and by the 
patient’s age: many critical pathologies need 
quick surgical correction in neonatal age. 
Regarding the age in which the pathologies may 
be corrected, it is necessary to consider the poten-
tial neurotoxicity of the anesthetic drugs [ 1 – 3 ]. 

 Digestive surgery comprises different pathol-
ogies involving the gastrointestinal tract, liver, 
and abdominal wall defects and also the esopha-
geal tract, which has characteristics of surgery 
and of anesthesia typical of thoracic surgery.  

4.2     Anatomic and Physiological 
Characteristics of the 
Digestive System in 
Neonates, Infants, and 
Children 

 Major differences exist between the gastrointesti-
nal system characteristics of preterms, neonates, 
infants, and very young children and those of 
adults. Some of them have special features useful 
from the point of anesthesia and intensive care:

•    The esophagus has a tender thin mucous 
membrane, well supplied with blood vessels. 
Glandules of an esophagus in newborns are 
completely absent; muscular and elastic tis-
sues are poorly advanced. The position of the 
proximal entrance of the esophagus in new-
borns is high, at the third to fourth cervical 
vertebras, while in the adult, it is at the seventh 
vertebra. The length of the esophagus is calcu-
lated by Bischoff’s formula: 1/5 lengths of 
body + 6.3 cm.  

•   The stomach in infants is set horizontally. The 
cardia area of the stomach is undeveloped; 
therefore, regurgitation is possible. The 
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pyloric part is well developed, and an overde-
velopment of pylorospasm is observed. The 
capacity of the stomach in newborns is 
30–35 ml, in 1-year-olds 250–300 ml, and in 
8-year-olds 1000 ml. Low production of gas-
tric juice and low acidity are marked. The 
muscular layer is undeveloped, and the gastric 
air bubble is enlarged.  

•   The small intestine is long and highly mobile; 
therefore, invaginations are frequently possible. 
Secretor insuffi ciency and high permeability 
promote penetration into the blood of undi-
gested components of nutrition, toxins, and 
microorganisms, causing sensitization. The 
immaturity of the ileocecal valve promotes the 
entrance of bacterial fl ora from the colon.  

•   The colon is situated higher and has a length 
proportional to the body height of the child. 
Haustration under 6 months is absent. The set-
tling in the intestine of normal microfl ora 
begins in the fi rst hours of life and usually 
comes to an end by 7–10 days; therefore, tran-
sitional dysbacteriosis is observed.  

•   The liver in children is quite large, 4 % of 
body mass in newborns, and 2 % in adults. The 
parenchyma of the liver is poorly differenti-
ated, and the lobular structure is typical only 
by the end of the fi rst year of life. The liver is 
sanguineous and easily enlarged in infectious 
diseases, intoxication, and circulatory insuffi -
ciency. In children hemorrhagic syndrome in 
liver diseases develops more often.  

•   The gastrointestinal tract presents the largest 
surface area of the body exposed to antigens 
and microbes. The intestine must therefore 
have intricate mechanisms to allow the entry 
of nutrients and other benefi cial molecules 
while preventing potentially harmful microbes 
and other agents from gaining entry into the 
inner milieu. Several factors lead to a hostile 
gastrointestinal environment that predisposes 
the neonate and infant to disease. These 
include the introduction of feeding tubes into 
the stomach or more distal intestine, the rou-
tine use of broad-spectrum antibiotics that 
select for resistant pathogens that thrive in the 
unusual microbial environment of the neona-
tal and pediatric intensive care unit, intrinsic 

immaturities of the infant gastrointestinal 
tract, and the lack of adequate nutrition.     

4.3     Preoperative Evaluation 

 The preoperative history and physical examina-
tion are directed at identifying acute and chronic 
problems and underlying medical conditions, as 
well as previously undiagnosed diseases that may 
place the child at an increased risk during the 
perioperative management [ 4 ]. 

  The preoperative history  must include insights 
about intestinal malabsorption, gastroesophageal 
refl ux, digestive tract infections, and triggers of 
hepatic failure, such as infectious, toxic, meta-
bolic, infi ltrative, and ischemic/vascular prob-
lems. Clinical serious conditions may accompany 
such diseases and, in addition to the specifi c 
symptoms, may include fatigue and weight loss. 
In neonatal age, in pathologies such as esophageal 
atresia and abdominal wall defects, an evaluation 
of the prenatal and maternal history is mandatory 
as well as a search for undiagnosed illnesses, dis-
orders, or anomalies, specifi cally genetic syn-
dromes and congenital heart diseases. 

  The physical examination  also focuses on the 
gastrointestinal and hepatobiliary system but 
begins with the pathology, the global assessment, 
and the clinical status of the child. 

 The preoperative examination of poor esopha-
geal function, of a full stomach, and bowel 
obstruction attempts to identify previous prob-
lems, which may place the patient at increased 
risks during anesthesia induction, such as an 
inhalation syndrome. 

 In patients with a neurological disease, it is 
important to evaluate the respiratory tract, identi-
fying phenomena of dysventilation, atelectasis, or 
respiratory infections. In the presence of active 
bronchospasm, a preoperative treatment may be 
necessary, and intraoperative anesthetic techniques 
may be required to prevent the exacerbation of 
bronchoconstriction of the small airways [ 5 ]. 

 In patients with esophageal atresia, it is impor-
tant to assess possible inhalation of saliva or gas-
tric content into the respiratory tract and to 
evaluate the gastrointestinal distension. 
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 When a laparoscopy is about to be performed, 
the respiratory system and cardiocirculatory func-
tion should be examined paying attention to all 
the determinants of myocardial performance. Par-
ticularly, preload evaluation is mandatory if an 
abdominal mass compresses the inferior vena cava. 

  Laboratory and instrumental evaluations  are 
often important in the preparation of anesthesia 
for abdominal surgery. Among the preoperative 
laboratory tests, particular attention should be 
given to the complete blood count, which may 
indicate anemia as a refl ection of chronic malab-
sorption, and the white blood cell count and the 
indexes of infection, which may indicate the pres-
ence of active abdominal infection, and the plate-
lets, which can be associated with a splenic 
sequestration. In addition, an investigation involv-
ing tests of hepatic function and coagulation is 
recommended in patients with liver compromise: 
children who have liver diseases, portal hyperten-
sion, or splenic diseases are at increased risk for 
intraoperative and postoperative bleeding. 

 Radiological screening (chest radiographs, 
computed tomographic scans, magnetic reso-
nance imaging) is essential to assess the abdomi-
nal anatomy and any additional information 
concerning alterations associated with fi ndings 
that may infl uence the anesthetic and surgical 
management (Table  4.1 ).

   Echocardiography is performed to check for 
cardiovascular anomalies, right and left ventricle 
performances, and pulmonary pressure. 

 Lung function testings have been widely used 
in children 6–8 years of age or greater. Simple 
spirometry is easiest to obtain. The results of 
such tests are generally used as indicators of the 
complexity of perioperative management. 

 In patients about to be submitted to digestive 
surgery, the following procedures are indicated:

•    An effective optimization of preoperative 
therapy  

•   An appropriate assessment of the need for 
blood products  

•   An assessment of the presence and ultimate 
need for intravenous access with consider-
ation of temporary or long-term central venous 
catheter  

•   A rating for antibiotic needs  
•   An analgesic perioperative plan    

 Risk evaluation and informed consent are 
essential elements in preoperative assessment. 
The American Society of Anesthesiologists 
developed and modifi ed later the classifi cation 
of physical status (ASA) to defi ne a correlation 
of clinical condition and tolerance to surgery. 
The correct information about all possible 
anesthetic techniques (a pamphlet should be 
given before the anesthesiological visit) and in 
particular of the benefi t/risk of the purpose tai-
lored procedures must be provided before 
acquiring written consent for anesthesia. A 
specifi c risk such as diffi cult airway manage-
ment, or cardiac, respiratory, neurological, and 
metabolic conditions, should be annotated on 
the anesthesiological chart and on the opera-
tory list.  

4.4     Premedication 
and Preoperative Fasting 

 At the end of the global evaluation (clinical his-
tory, physical examination, laboratory tests, 
imaging, cardiorespiratory tests), a pharmaco-
logical medication is considered. Sedative pre-
medication is not always necessary, but when 
useful, midazolam 500 mcg/kg, orally, is cur-
rently the most frequently used drug. Midazolam 
can also be administered by nasal route 
(200 mcg/kg). Atropine in clinical practice is 
administered after vein placement only in the 
presence of clinical need. A local anesthetic 
emulsion (lidocaine 25 mg + prilocaine 25 mg) 
or medicated plaster (lidocaine 70 mg + tetra-
caine 70 mg, for children over 3 years) is applied 
on a detectable peripheral vein. Preoperative 
fasting is indicated for elective surgery and 
healthy patients, to avoid inhalation syndrome at 
anesthesia induction. Recent guidelines also 
consider the correct preoperative administration 
of drugs to decrease the risk for pulmonary aspi-
ration in selected patients [ 6 ]. Parents are 
allowed to be present in the operating room at 
induction of anesthesia.  
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4.5     Anesthesiological Approach 

 Studies in the literature consider it very important 
in these patients to achieve a level of anesthesia 
which allows a safe execution of the surgical pro-
cedure. The entire staff, involving different pro-
fessional fi gures, should be trained and educated 
in order to improve safety, ensure treatment of 
possible side effects, and guarantee the manage-
ment of emergencies [ 7 ]. 

4.5.1     Monitoring 

 Standard intraoperative monitoring is both inva-
sive and noninvasive and is well described in the 
guidelines for safety in the operating room. 

 Cardiovascular function is monitored by ECG 
(heart rate and rhythm), noninvasive systolic 
blood pressure (SBP), and diastolic blood pres-
sure (DBP); if necessary, a radial arterial catheter 
is cannulated not only for invasive monitoring but 
also for intraoperative and postoperative blood 
gas analysis and laboratory tests. When clinical 
conditions and the fl uid requirements are diffi cult 
to evaluate, a central venous catheter (CVC) is 
placed by a superior cava approach for invasive 
monitoring of central venous pressure (CVP). 

 The respiratory function is monitored by 
peripheral arterial oxygen saturation (SpO 2 ) and 
end-tidal CO 2  (ETCO 2 ). The mechanical ventila-

tor permits the variation of all respiratory items 
including frequency, tidal volume (inspiratory 
and expiratory), minute volume, peak pressure, 
and mean airway pressure. 

 Monitoring also includes body temperature, 
urine output, and inspiratory and expiratory con-
centration of volatile anesthetics. In many 
patients, the neuromuscular blockade is moni-
tored by stimulating the ulnar nerve using the 
train-of-four pattern of stimulation. 

 Temperature measurement is a must in pediat-
ric abdominal surgery and in particular in neo-
nates. The temperature is tested with the 
esophageal probe during major surgery. The use 
of pre-warmed fl uids and active warming sys-
tems (mattress, convective warm air blanket, 
radiant heater) is necessary. Anesthesia interferes 
with the thermoregulatory response in all ages. 

 A new approach is oriented to measure cere-
bral oxygenation (using near-infrared spectros-
copy technology) to reduce potential risks of 
neurolesive events caused by conventional intra-
operative ventilation that infl uence intracranial 
pressure, cerebral blood fl ow, and cerebral perfu-
sion pressure [ 8 ,  9 ].  

4.5.2     Vascular Access 

 Vascular access is necessary in all types of 
surgery. 

   Table 4.1    Correlation between gastrointestinal/hepatic problems and potential anesthetic implications   

 Gastrointestinal/hepatic problems  Potential anesthetic implications 

 Vomiting, diarrhea  Electrolyte imbalance, dehydration, full stomach 
 Gastroesophageal refl ux  Treat like a full stomach 
 Increased abdominal volume  Diaphragmatic cephalic displacement 

 Decreased lung compliance 
 Decreased systemic oxygenation 

 Ab ingestis inhalation  Aspiration pneumonia 
 Pulmonary infi ltrates  Decreased lung compliance 

 Increased V/Q mismatch 
 Increased pulmonary shunt effect 
 Decreased systemic oxygenation 

 Prolonged fasting  Dehydration, hypovolemia 
 Malabsorption  Anemia, malnutrition 
 Black stools  Anemia, hypovolemia 
 Jaundice  Drug metabolism/hypoglycemia 
 Liver dysfunction  Drug metabolism/toxicity 
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 Adequate peripheral access is essential intra-
operatively and also for fl uid replacement in the 
postoperative period. One or two peripheral veins 
may be necessary. 

 Clinical conditions and the type of surgery indi-
cate the placement of a single- or double- lumen 
central venous catheter, appropriate for the size of 
the patient. This vascular access is required both 
for monitoring and for rapid and safe infusions of 
fl uid, plasma expanders, and blood derivatives. The 
upper cava vein approach is mandatory for the liver 
and oncologic abdominal surgery, particularly 
when it has been extended to or into the inferior 
cava vein (rarely until the right atrium), and surgery 
may foresee vein clamping. The use of ultrasono-
graphic guidance during CVC placement has been 
demonstrated the better percutaneous procedure 
for decreasing the complications rate [ 10 ].  

4.5.3     Intraoperative Fluids 

 Intra-surgical crystalloid infusion was 20 ml/kg 
during the fi rst hour in patients under 3 years and 
15 ml/kg for older patients; in the hours that fol-
lowed, the infusion dosage was 8–10 ml/kg/h for 
all patients. 

 Extravascular or interstitial sequestration of 
fl uid (the so-called “third-space” fl uid loss) can 
occur during digestive surgery. Estimated third- 
space fl uid defi cits are replaced with isoosmotic 
fl uids, at rates according to the type of surgery 
(approximately 4 ml/kg). The infusion used was 
0.8–1 % dextrose in polyelectrolyte solution or in 
quarter-strength normal saline solution (0.2 % 
NaCl) and lactated Ringer’s solution [ 11 – 13 ].  

4.5.4     Anesthetic Techniques 

  General anesthesia  is increasingly associated 
with regional anesthetic techniques, to optimize 
anesthesia and analgesia results throughout the 
perioperative period. 

4.5.4.1     General Anesthesia (GA) 
 Anesthetic management can be performed by 
inhalation or intravenous hypnotics, associated 
with neuromuscular blocking agents, opioids, 

and adjuvant drugs, if necessary. Anesthesiological 
management, today, foresees combined general- 
regional anesthesia. 

 Balanced anesthesia is the most common GA 
applied, in which a mixture of small amounts of 
several drugs, administered by different routes 
(inhalation + intravenous), permits a correct anes-
thetic plan for the surgery. Recently, total intrave-
nous anesthesia (TIVA) is chosen for pediatric 
patients. In all pediatric ages and in particular in 
neonates, many drugs cannot be legally used. The 
bispectral index is designed to observe the anes-
thetic plan and drug consumption although 
results do not differ from those of conventional 
clinical practice (Table  4.2 ) [ 14 ].

     Inhalation Agents      Sevofl urane is a halogenated 
general inhalation anesthetic drug and to date the 
most frequently drug employed in pediatric anes-
thesia. It is administered by vaporization vehicled 
by O 2 /medical air at different FiO 2 . The mini-
mum alveolar concentration (MAC) in neonates 
(3.3 %) and children until 3 months (3.2 %) is 
similar, but older infants and children have a 
lower MAC of approximately 2.5 %. During 
mask induction, the incidence of agitation is near 
14 %, but laryngospasm and bronchospasm are 
present in around 1 or 2 %. It is quite clear that 
the concomitant use of opioids requires a lower 
halogenated concentration. Inhalation anesthesia 
consents a rapid recovery, but agitation is fre-
quently present and is considered an adverse 
effect [ 15 – 17 ].  

   Intravenous Agents      Although in the past years 
sodium thiopentone, belonging to the 
 pharmacological class of barbiturates, was con-
sidered the most commonly used intravenous 
agent for anesthesia induction, propofol is now 
the most frequently employed induction agent 
(1.5–3 mg/kg) in pediatric age. The current and 
recent literature contains many reports of good 
results in particular for anesthesia induction in 
procedural deep sedation [ 18 – 20 ]. In preterm 
neonates and in the fi rst 10 days of life, there is a 
risk of propofol accumulation if given both for an 
intermittent bolus and infusion. It would seem 
sensible at present to limit its use to single-bolus 
administration [ 21 – 24 ].   
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4.5.4.2     Regional Anesthesia (RA) 
 It is generally accepted that RA provides safe and 
effective pain relief, as it provides the block of 
sensory transmissions [ 25 ,  26 ]. Regional anes-
thetic techniques also in pediatric patients pro-
vide safe and effective pain relief during and after 
surgery with different techniques [ 27 ]. 

 A recent study of the ADARPEF revealed a 
low incidence of complications related to regional 
anesthetic techniques and concludes that RA has 
a good effi cacy and safety [ 28 ]. The application 
of pediatric regional anesthesia blocks has 
increased in recent years; neuraxial blocks are 
applied in all ages and peripheral blocks are rap-
idly expanding especially in children aged 5 
years or older. In pediatrics RA is performed 
under GA or deep sedation to reduce potential 
damages from a loss of behavioral control during 
the procedure and to keep hypnosis during sur-
gery. However, RA reduces intraoperative anes-
thetic requirements, supporting recovery and 
early ambulation and shortening the time to reha-
bilitation [ 29 ,  30 ]. A necessary condition to 
obtain the most benefi ts from RA is the knowl-
edge and expertise of the specialist who chooses 
and applies the techniques and appropriate and 
adequate equipment and devices. Ultrasound 
guidance is the best clinical practice both for 
neuraxial and peripheral blocks. Ultrasonography 
could augment the success rate, since it allows 
anatomical structures and nerves to be visualized, 

permits the needle location to be identifi ed, and 
reduces the amount of local anesthetic adminis-
tered [ 31 ]. 

 The drugs used are local anesthetics and opi-
oids for both top-up boluses and continuous infu-
sion. It should be noted that the binding of local 
anesthetics with plasmatic protein (albumin and 
α-glycoprotein) is reduced in both newborn and 
infants and can result in an accumulation of the 
drugs themselves, especially if a continuous infu-
sion is planned, with potential toxic risks. 

 Currently, selected local anesthetics for pedi-
atric techniques are left-handed enantiomers 
(levobupivacaine and ropivacaine), and this 
makes the technique safer. The association of 
local anesthetics with opioids allows the use of 
low doses of both. Morphine, which was once the 
most widely used opioid, owing to the increased 
incidence of respiratory depression, vomiting, 
and itching, is now often replaced by fentanyl. 

   Neuraxial Blocks      Central neuraxial bock is 
suggested for patients undergoing major abdomi-
nal surgery. In the spinal approach, drugs are 
administered intrathecally into the cerebrospinal 
fl uid, in epidural approach into the fatty tissues 
surrounding the dura [ 32 ]. Absolute contraindi-
cations are local infection at injection site, hypo-
volemia, shock, coagulopathy, high intracranial 
pressure, allergy to local anesthetics, and parent 
refusal. Relative contraindications include sepsis, 

   Table 4.2    Drugs used during digestive general anesthesia in pediatric age   

 Drug  Induction doses  Maintaining doses 

  Anesthetic agents  
 Sevofl urane *   1–8 %  2–3.5 % 
 Thiopental  3–6 mg/kg 
 Propofol  2.5–3 mg/kg  9–12 mg/kg/h 
  Opioids  
 Fentanyl  1–2 mcg/kg  1–3 mcg/kg/h 
 Alfentanil  7–15 mcg/kg  0.5–1.5 mcg/kg/min 
 Remifentanil  0.5–1 mcg/kg  0.3–1 mcg/kg/min 
  Neuromuscular blocking agents  
 Atracurium besylate  0.3–0.5 mg/kg  0.2–0.4 mg/kg/h 
 Cisatracurium besylate  0.15–0.25 mg/kg  0.1–0.3 mg/kg/h 
 Vecuronium  0.08–0.1 mg/kg  0.06–0.08 mg/kg/h 
 Rocuronium  0.6 mg/kg  0.3–0.6 mg/kg/h 

   * Sevofl urane is a halogenated gas. Its administration is related to minimum alveolar concentration (MAC)  
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neurological dysfunction, and anatomic abnor-
malities. Neurological injury, infection, isch-
emia, seizures, hypotension, and cardiac arrest 
are the risks of neuraxial anesthesia. It should be 
remembered that there are some anatomical dif-
ferences between adults and children in the lum-
bosacral region [ 33 ].  

  Caudal Epidural Block     Epidural block by caudal 
route, the most popular technique in pediatrics, is 
suggested in herniorrhaphy and other pathologies 
with surgical under umbilical approach. The cau-
dal space is easy to fi nd in patients less than 7 
years of age, when block is commonly performed. 
The sacral hiatus is found by searching for a tri-
angle with the base formed by a line joining the 
right and left sacral cornea and the apex at the 
lower IV sacral vertebrae. The sacral hiatus is 
situated higher in children than in adults. The 
dedicated needle passes, at a nearly 45° angle, 
through the sacrococcygeal ligament, and after 
loss of resistance, the local anesthetic is injected. 
This block is more frequently used as a “single 
shot.” Adjuvants may be added to prolong the 
duration of analgesia. Over the past several years, 
caudal catheters were introduced upward even to 
thoracic level especially in neonates and infants, 
but this technique is no longer recommended, 
because of the risk of fecal soiling [ 34 ,  35 ].  

  Lumbar Epidural Block     In contrast to the caudal 
block, lumbar epidural block is rarely used as a 
single injection, and usually a catheter is inserted. 
Catheter placement is based on surgical incision 
location corresponding to segmental levels to tar-
get analgesia. This technique should be performed 
by experienced anesthesiologists. In very small 
infants, epidural needles are inserted below L4 so, 
to achieve the desired segmental level, the cathe-
ters should be threaded for a long segment, moni-
toring the effi cacy of the pain relief. Currently, the 
indication is to decrease the distance of insertion 
to as short as 3–4 cm inside the epidural space. 
Central blocks have a history of more than 100 
years in adults, but in pediatrics RA was rarely 
applied/described [ 36 ,  37 ] and became an essen-
tial integrated, safe, and effective analgesic sys-
tem producing excellent intraoperative analgesia, 

less than 20 years ago, when Anand published his 
work [ 38 ].  

   Peripheral Nerve Blocks      Peripheral nerve 
blocks are a valid alternative to the neuraxial tech-
nique, with good sensory block and without the 
major complications of central block. Sympathetic 
block and hemodynamic changes are minimal as 
well as motor block and urinary retention. The use 
of neurostimulation and ultrasonography is rec-
ommended although, in the latter case, evidence 
is not strong. The length of block depends on the 
pharmacokinetics of the local anesthetic, long-
acting anesthetics such as levobupivacaine or 
ropivacaine are preferred, while adjuvants such as 
clonidine may extend the duration.  

  Ilioinguinal-Iliohypogastric Nerve Block     This 
block may be used for surgical procedures in the 
inguinal region such as herniorrhaphy. Using a 
landmark technique, the puncture site is about 
1 cm medial to the anterior superior iliac spine, 
but this traditional technique is burdened with 
high failure rates. The point of injection by ultra-
sound is more lateral, and the transversus abdom-
inis/internal oblique fascial plane needs to be 
identifi ed, where the nerves could be found [ 39 ].  

  Rectus Sheath Block     A rectus sheath block pro-
vides effective pain relief and muscle relaxation 
for laparoscopic surgery and other small midline 
incisions. It is performed bilaterally, between the 
rectus abdominis muscle and the posterior rectus 
sheath. The unpredictable depth of the posterior 
rectus sheath in children is a good argument for 
the use of ultrasound together with the advantage 
of allowing visualization of the bowel, which 
may decrease accidental puncture [ 40 ].  

  Transversus Abdominis Plane (TAP) Block     TAP 
block is effective in laparoscopic procedures and 
open surgery. Its use is limited by the need for 
bilateral blocks when the incision crosses the 
midline. This, like the other abdominal wall 
blocks described above, is effective for somatic 
pain but not for visceral pain. TAP block may be 
useful when epidural analgesia is contraindi-
cated. Local anesthetic should be placed between 
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the internal oblique and transversus abdominis 
muscles; the triangle of Petit is used as landmark 
for injection; a relatively large volume of anes-
thetic is required [ 41 ].  

  Local Wound Infi ltration     Local wound infi ltra-
tion is a component of multimodal postoperative 
analgesia. The single-shot infi ltration of local 
anesthetics in laparoscopic working ports is more 
commonly performed than continuous wound 
infi ltration for fear of complications. Also intra-
peritoneal instillation was rarely performed, 
although a systematic review and meta-analysis 
of its effectiveness in adults have given promis-
ing results [ 42 ].    

4.5.5     Intraoperative Ventilation 

 The aim of intraoperative ventilation techniques 
is to maintain normal levels of oxygenation and 
normocapnia. The aim to facilitate the digestive 
intervention and the advice to avoid high pres-
sure in the airway should be remembered. 

 Pulmonary mechanical ventilation for these 
patients refl ects the traditional intraoperative 
ventilation techniques. Patients were mechani-
cally ventilated using an oxygen/air mixture with 
oxygen inspired fraction (FiO 2 ) between 0.35 and 
0.50; tidal volume was adjusted between 9 and 
10 ml/kg, and respiratory rate (RR) was regulated 
on the basis of the patient’s age. The ratio of 
inspiratory time to expiratory time was usually 
1:2. Positive end-expiratory pressure (PEEP) was 
set at 3–4 cm H 2 O.   

4.6     Laparoscopy in Digestive 
Surgery 

 Laparoscopic videosurgery is becoming increas-
ingly more important in pediatric abdominal sur-
gery for both the diagnosis and surgical treatment. 
Several authors who have compared this tech-
nique to traditional surgery for the treatment of 
some pathologies have reported reduced surgical 
trauma, less postoperative pain, reduced periop-
erative morbidity, shorter period of postoperative 

ileus, earlier postoperative mobilization, shorter 
periods of disability, shorter hospital stays, and 
better cosmetic results in favor of laparoscopic 
videosurgery [ 43 – 45 ]. Other benefi ts, compared 
to traditional “open” operative techniques, 
include the avoidance of large incisions, less fl uid 
loss, heat, and forced retraction of tissues. 

 An optimal approach to the planning of anes-
thesia for laparoscopy depends on a knowledge 
of the technical requirements and an understand-
ing of the physiological alterations associated 
with the procedure. 

 Physiological changes during laparoscopic 
surgery are related to the changes associated with 
the increased abdominal pressure associated with 
insuffl ation of the abdomen, the patient’s pos-
tural modifi cations (head-up or head-down), and 
the CO 2  absorption and its general effects [ 46 ]. 

 The magnitude of the physiological perturba-
tions associated with laparoscopy is infl uenced 
by the patient’s age, the patient’s underlying 
myocardial and respiratory function, and the 
administered anesthetic agents. 

 Tension pneumoperitoneum causes an eleva-
tion in intra-abdominal pressure (IAP) which 
produces important effects on cardiovascular, 
pulmonary, renal, and metabolic function. 

4.6.1     Effects on Respiratory System 

 Pneumoperitoneum and increase in IAP cause 
cephalic displacement of the diaphragm, resulting 
in the reduction in lung volumes including vital 
capacity, total lung volume, and functional resid-
ual capacity (FRC). This phenomenon is exacer-
bated by cephalic shift of the abdominal contents 
in the head-down position. Pulmonary compliance 
is reduced and airway resistance is increased, pro-
ducing a higher airway pressure for any given tidal 
volume with an increased risk of hemodynamic 
changes and barotrauma during intermittent posi-
tive pressure ventilation (IPPV). Restriction in dia-
phragmatic mobility promotes uneven distribution 
of ventilation to the nondependent part of the lung, 
resulting in ventilation- perfusion mismatch with 
hypercarbia and hypoxemia. This preferential ven-
tilation is increased further by supine position, 
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inhalational anesthetic agents, and neuromuscular 
blockade [ 47 ,  48 ]. 

 Another important respiratory implication is 
represented by CO 2  insuffl ation. Insuffl ated CO 2  
is rapidly absorbed across the peritoneum and 
can lead to an increase in the total body CO 2  con-
tent. If ventilation is controlled and not changed 
in response to this increase, then the arterial pCO 2  
will rise.  

4.6.2     Effects on Cardiocirculatory 
System 

 In recent years, important knowledge has been 
obtained about the cardiovascular changes 
induced by pneumoperitoneum in children. 
Routine clinical measurements, such as heart rate 
and blood pressure, have been used to assess the 
hemodynamic changes induced by laparoscopy. 
Studies so far have shown most effects on blood 
pressure, which often increases, while there are 
no or only slight effects on heart rate [ 47 ,  48 ]. 
Experimental studies on the intraperitoneal insuf-
fl ation of young animals have also shown an 
increase in venous return, peripheral arterial 
resistance with impaired splanchnic circulation, 
cardiac output, and cardiac index [ 49 ]. In pigs 
weighing 3–8 kg, the presence of hypercarbia 
during peritoneal insuffl ation increased heart 
rate, left ventricular stroke work, and cardiac 
index, without changes in total peripheral resis-
tance or central venous pressure [ 50 ]. A study 
concerning the hemodynamic effects of pneumo-
peritoneum in healthy infants, by continuous 
esophageal aortic blood fl ow echo Doppler, dem-
onstrated that abdominal insuffl ation with a pres-
sure of 10 mmHg resulted in a signifi cant 
decrease in aortic blood fl ow and stroke volume 
and in a signifi cant increase in systemic vascular 
resistance [ 51 ]. 

 Another study examined cardiovascular 
changes associated with intra-abdominal insuf-
fl ation (10 mmHg) using echocardiography with 
transthoracic approach. Systolic blood pressure 
and diastolic blood pressure increased during 
intra-abdominal insuffl ation. Heart rate remained 
regular. Pneumoperitoneum was associated with 

increases in left ventricular end-diastolic volume 
(EDV), left ventricular end-systolic volume 
(ESV), and left ventricular end-systolic meridio-
nal wall stress (LVESWS). Before, during, and 
after intra-abdominal insuffl ation, systolic func-
tion indexes, left ventricular fractional shortening 
(LVFS), and left ventricular ejection fraction 
(LVEF) underwent slight, insignifi cant changes. 
During the surgical procedure, LVFS and LVEF 
remained within a range above 25 % and 55 %, 
respectively. Furthermore, there were no varia-
tions in the LVESWS/LVFS ratio. In this study, 
pneumoperitoneum induction determined the 
increase in both EDV and ESV. The EDV is rec-
ognized as a good indicator of preload; the 
increase is mostly due to a drainage effect on the 
splanchnic circulation, with an increase in venous 
return to the right heart. The increase in ESV 
could be partly the result of slightly impaired 
contractility, probably affected negatively by 
anesthetic drugs, and partly of an acute increase 
in afterload, more correctly expressed as aortic 
impedance. The myocardial left ventricular per-
formance remained stable in all patients of the 
study, as shown by the absence of any modifi ca-
tion in the LVFS and LVEF. A parallel increase in 
ESV explains why LVFS and LVEF did not 
change signifi cantly. These results could repre-
sent the balanced effect of the increase in both 
preload and afterload induced by elevated intra- 
abdominal pressure, through a combined action 
on venous return and aortic impedance [ 52 ]. 

 Pneumoperitoneum in children has a major 
impact on cardiac volumes and function, mainly 
through the effect on ventricular load conditions. 
The acute increase in IAP affects both preload 
and afterload, while the systolic cardiac perfor-
mance remains unchanged. The fi nal advice of 
these studies was to remain prudent before sub-
jecting a child with cardiopathy to laparoscopy. 
To date, the literature has reported many experi-
ences of laparoscopy in children with cardiac dis-
ease, offering reassuring messages about this 
procedure and its outcome. Today, the culture 
and experience exist to improve or complete the 
mosaic of pediatric heart diseases, relating the 
cardiocirculatory changes of laparoscopy to the 
various pathophysiological and clinical profi les 
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of homogeneous groups of children with similar 
heart lesions [ 53 ].  

4.6.3     Management of Intra- 
abdominal Pressure 

 It is important not to exceed an intra-abdominal 
pressure of 6 mmHg in newborns, 8 mmHg in 
infants, and 12 mmHg in older children so as to 
minimize the negative effects on cardiocircula-
tory function and cardiac output. The IAP read-
ing should be clearly visible to the anesthetist and 
documented on the record [ 46 ,  47 ]. 

 After starting the pneumoperitoneum, the 
position of the tracheal tube needs to be checked 
again to exclude an endobronchial position which 
can result from the diaphragm and lungs being 
shifted upward relative to the tube.   

4.7     Esophageal Atresia 

4.7.1     Preoperative Management 

 Esophageal atresia (EA) and tracheoesophageal 
fi stula (TEF) are congenital anomalies that com-
monly occur together with an incidence of 
1:3000–4500 live births. Surgical repair should 
be performed within the fi rst few days of life. 

 Careful preoperative management is manda-
tory for a good surgical result of this pathology. 
The essential components that need to be imple-
mented after birth as early as possible are:

•    Diagnosis  
•   Investigation of associated anomalies  
•   Suction of the upper pouch  
•   Prevention and treatment of gastric and bowel 

distension    

 Prenatally, esophageal atresia is often not 
identifi ed and only suspected in the presence of 
polyhydramnios, cardiac malformation, or chro-
mosomal abnormalities. In the absence of prena-
tal suspicion, the postnatal presentation typically 
includes respiratory distress with initial feedings 
associated with excessive drooling or salivation. 

An inability to pass a nasogastric or orogastric 
suction catheter is almost always diagnostic. 

 A preanesthetic plan included an evaluation of 
associated anomalies, present between 30 and 
50 % of babies. The most common are the con-
genital heart diseases, particularly tetralogy of 
Fallot, pulmonary atresia, atrial or ventricular 
septal defects, patent ductus arteriosus, and aortic 
coarctation. Echocardiography is performed rou-
tinely on these babies preoperatively. Vascular 
anomalies and upper airway problems such as 
laryngo- or tracheomalacia may be present. 
Severe tracheomalacia is not unusual and may 
require prolonged intubation or even tracheos-
tomy. Cleft lip and palate may be found in asso-
ciation with esophageal atresia, as may vertebral, 
renal, and anorectal defects. 

 The term VACTERL has been used to describe 
a syndromic complex with usual associated 
anomalies:  V  vertebral,  A  anorectal,  C  cardiac,  T  
tracheoesophageal fi stula,  E  esophageal atresia, 
 R  radial or renal, and  L  limb. The term CHARGE 
describes another syndrome represented by  C  
coloboma,  H  heart disease,  A  atresia choanae or 
esophageal atresia,  R  retarded growth,  G  genital 
anomalies, and  E  ear anomalies. 

 To diagnose and manage this anomaly, it is 
imperative to carefully pass an orogastric tube 
into the proximal pouch, typically meeting resis-
tance at 8–10 cm. Awake prudent aspiration of 
the proximal pouch is performed in the preopera-
tive period. 

 To avoid inhalation in the respiratory tract, the 
neonate should be kept with the head of the bed 
elevated to 35–45°. A chest radiograph confi rms 
the diagnosis, revealing the tip of the tube in a 
dilated, air-fi lled proximal atresic pouch. Distal 
bowel gas confi rms the presence of a tracheo-
esophageal communication, most commonly a 
distal fi stula. 

 A typical presentation of newborn with esoph-
ageal atresia is variable impairment in respiratory 
function. Often there is no respiratory distress, 
but it must be remembered that its presence may 
have different origins, sometimes associated: 
inhalation in the respiratory tract of saliva through 
the upper airway or gastric juice from the fi stula, 
prematurity, failure in severe cardiac malforma-
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tion, signifi cant deformity of the rib cage, and 
excessive gastric distension. 

 In preoperative treatment it should not be 
underestimated that excessive crying can help 
increase the fl ow of air into the stomach through 
the distal fi stula. A sedation with midazolam at 
low doses (0.5–0.8 mcg/kg/h) may be necessary. 
Similarly, aggressive abdominal palpation should 
be avoided, as this could lead to refl ux of gastric 
content into the fi stula and direct aspiration into 
the airway. 

 The onset of respiratory distress with the need 
of intubation and excessive gastric distension are 
clinical situations that can accelerate the surgical 
repair.  

4.7.2     Intraoperative Management 

4.7.2.1     Anesthesia 
 The anesthesiological approach of esophageal 
atresia with tracheoesophageal fi stula aims to 
avoid on the one hand an excessive gastric disten-
sion determined by positive pressure ventilation 
and, on the other hand, an acid refl ux into the 
airway. 

 The literature suggests an induction of anes-
thesia maintaining spontaneous respiration, with 
topical administration of lidocaine (3–5 mg/kg), 
without application of a positive pressure via face 
mask. For this purpose, inhalation anesthesia is 
often indicated in several studies.  

4.7.2.2     Airway Endoscopy 
 A preliminary procedure to surgery consists in 
the airway endoscopic evaluation, which is in 
fact the most reliable method for the recognition 
of tracheoesophageal fi stula (TEF), and allows an 
exact classifi cation of esophageal atresia. 

 The literature contains various descriptions of 
airway endoscopy used for the recognition of 
TEF, performed both with fl exible and rigid 
instruments [ 54 ]. The use of the rigid endoscopy 
(Fig.  4.1 ) is reported in numerous studies and 
allows us to assure an open airway and assists 
operative management: in the presence of TEF, 
the airway endoscopic procedure was in fact 
diagnostic and operative at surgery [ 55 ,  56 ].

   From a diagnostic standpoint, the endoscopy 
allows the identifi cation of the EA type, the char-
acteristics and size of the fi stula, as well as the 
anatomic relationship with the esophageal 
pouches. From an operative point of view, the 
endoscopy allows the fi stula themselves to be 
incannulated, which, in the case of distal TEF 
(Fig.  4.2 ), gives access to the stomach, which can 
then be drained, reducing the risks of aspiration 
pneumonia and improving the mechanical venti-
lation. The identifi cation of the precise anatomic 
position of the TEF allows the tip of the endotra-
cheal tube to be adjusted in order to achieve the 
optimal ventilation. Large or carinal fi stula may 

  Fig. 4.1    The rigid bronchoscopy       

  Fig. 4.2    Esophageal atresia type III. Tracheoesophageal 
fi stula in the carina: trifurcation       
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bring about potential complications during anes-
thesia if the endotracheal tube happens to slip 
into them. The presence of the catheter or set of 
balloon catheters through the fi stula (Figs.  4.3  
and  4.4 ) prevents gastric insuffl ation, reducing 
the risk of pulmonary aspiration, and guides the 
surgical dissection during minimally invasive or 
open surgery [ 57 ].

     The recognition of an upper fi stula is particu-
larly diffi cult because the fovea is smaller, or 
hardly visible, compared to lower TEF. This ana-
tomical condition explains the need sometimes 
for a second endoscopy to better identify the 

presence of the upper fi stula and plan correctly 
the therapeutic strategy: the presence of upper 
fi stula led us to revise the diagnosis of two EAs at 
fi rst considered of type III to EA of type IV 
(Fig.  4.5 ) and one EA of type I, without fi stula, to 
EA of type II.

   The rigid ventilating tracheobronchoscopy, 
performed by experienced specialists, improves 
perioperative management of newborns affected 
by EA and appears to be a safe and effective 
procedure.  

4.7.2.3     Thoracoscopic Implications 
 Esophageal atresia repair also foresees the thoraco-
scopic technique, which in newborns requires the 
lung to collapse, at least partially. There are two 
methods of achieving this. The fi rst is lung exclu-
sion which, using bronchial blocker with one-lung 
ventilation, allows the lung to collapse passively, 
and the second is lung compression by carbon 
dioxide insuffl ation. It should also be noted that the 
pathology and age of the patient often infl uence 
lung exclusion achievement. In neonatal age it is 
often impossible to perform lung exclusion. 

 Both methods are associated with serious 
respiratory and cardiocirculatory physiopatho-
logical problems that have been extensively stud-
ied in adult patients, but to a lesser extent in the 
neonatal and pediatric age. 

  Fig. 4.3    Esophageal atresia type III: distal tracheoesoph-
ageal fi stula with placement of catheter       

  Fig. 4.4    Esophageal atresia type III: in rigid bronchos-
copy the catheter, through the tracheoesophageal fi stula, 
is placed in the stomach       

  Fig. 4.5    Esophageal atresia type IV: double tracheo-
esophageal fi stula, distal and upper with catheter       
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 Lung exclusion presents extreme diffi culties 
in newborns, although some cases are reported in 
literature [ 58 ,  59 ]. The diffi culty in fi nding a suit-
able bronchial blocker for the newborn and the 
poor tolerance of prolonged lung ventilation are 
elements that favor the use of pleural insuffl ation. 
While during one-lung ventilation a marked 
decrease in oxygenation results from an increased 
intrapulmonary shunt due to the unventilated and 
collapsed lung, with pleural insuffl ation, the rise 
in pleural cavity pressure brings about notable 
hemodynamic effects that greatly decrease the 
preload, stroke volume, cardiac output, and mean 
arterial pressures. Cardiovascular function is 
penalized in direct proportion to the intrapleural 
insuffl ation values, while generally the respira-
tory parameters are only slightly compromised 
and hemogasanalytic changes are unremarkable. 
The pleural CO 2  insuffl ation always brings about 
a fall in cardiocirculatory performance, which is 
generally well tolerated in the euvolemic patient 
with normal cardiac function. An insuffl ating 
pressure limitation, a slow artifi cial pneumotho-
rax, and a cardiovascular function optimization 
(by fl uid administration or possible use of inotro-
pic agents) can be useful to limit negative cardio-
circulatory effects [ 60 – 62 ].    

4.8     Abdominal Wall Defects 

4.8.1     Preoperative Management 

 Abdominal wall defects are constituted by 
omphalocele and gastroschisis. The fi rst is a her-
niation within the umbilical cord, and the second 
is a defect of the abdominal wall lateral to the 
umbilicus, usually on the right side. Omphalocele, 
with an incidence of 1 in 5000–10,000 live births, 
is more common than gastroschisis, which has an 
approximate incidence of 1 in 30,000 live births. 

 Surgical repair should be performed prefera-
bly within the fi rst day of life; in gastroschisis the 
wait can be just a few hours. Timely and appro-
priate preoperative treatment is mandatory for a 
good surgical result of this disease. 

 These conditions are very readily diagnosed 
antenatally by ultrasonography, and often the 

birth of these children can be programmed. Many 
of these babies are of low birth weight, especially 
those with gastroschisis. 

 In the preoperative evaluation of the newborn, 
it is important to evaluate the common anoma-
lies associated, more frequent with omphalo-
cele. Other gastrointestinal malformations or 
genitourinary and craniofacial anomalies may 
be present, including harelip and cleft palate. 
Important syndromic abnormalities include 
 Beckwith- Wiedemann syndrome (macrosomia, 
macroglossia, and hypoglycemia), imperforate 
anus, chromosomal anomalies (trisomies 13, 18, 
21), as well as cardiac malformations including 
the pentalogy of Cantrell, characterized, in addi-
tion to omphalocele, by short sternum, anterior 
diaphragmatic hernia, left ventricular diverticu-
lum, and deformity of the rib cage. Some patients 
have a very narrow “dog-type” chest with under-
lying hypoplastic lungs and may die early with 
respiratory failure or later with cor pulmonale. 

 The large surface area of exposed bowel out of 
the abdominal wall predisposes the patient to 
fl uid and electrolyte disturbance due to gastroen-
teric loss and increased evaporation, heat losses, 
infections, and decreased mesenteric blood fl ow 
with risk of ischemia of the intestinal loops. The 
preoperative goals to appropriately resuscitate 
the newborn are:

•    Predispose warming measures, including the 
increase of ambient room temperature, use of 
heating lamps and forced-air warming blan-
kets, and infusion of heated fl uids.  

•   Ensure an effective hydration, even with sup-
plementation of blood and its derivatives, if 
necessary. Fluid resuscitation with isotonic 
solutions such as 1–2 % dextrose in polyelec-
trolyte solution, normal saline, or Ringer’s 
lactate is recommended for the newborn with 
marked hypovolemia. Volume resuscitation is 
usually continued until the infant’s urine out-
put normalizes and/or blood gases indicate 
normal acid-base balance.  

•   Prevent infections by antibiotic therapy and 
placement of a plastic bag that encloses the 
entire infant below the nipples, including all 
externalized viscera.  
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•   Ensure a good splanchnic perfusion by cardio-
vascular function optimization with fl uid 
administration or possible use of inotropic 
agents. For this purpose, the position of the 
baby is important because it does not have to 
lead to a kinking or twisting of the bowel 
loops. Infants with gastroschisis should be 
positioned on their right side in a lateral decu-
bitus position to enhance venous blood return 
from the gut.  

•   Predispose a gastroenteric decompression 
by naso-/orogastric tube, placed to intermit-
tent suction. Decompression is important 
because it helps to prevent partial or total 
obstruction of blood fl ow and oxygenation to 
the bowel.    

 Stabilization and the decision about the most 
appropriate time for the surgical repair must take 
into consideration many factors, including ther-
moregulation, fl uid volume status, gastric disten-
sion and intestinal compromise, infection, 
respiratory status, and preparation for surgery. 
Stability of the aforementioned factors is neces-
sary before the impending surgical repair to opti-
mize the infant’s outcome [ 63 ].  

4.8.2     Intraoperative Management 

 The treatment of choice for omphalocele and gas-
troschisis defects in newborn is primary repair, 
whenever possible. Primary closure carries the 
risk of placing the abdominal contents under 
excessive pressure and producing reduction of 
cardiac output, hypotension, bowel ischemia, 
anuria, and respiratory failure. Sometimes there 
is a chance that this clinical situation will develop 
into a full-blown abdominal compartment 
syndrome. 

 When primary closure cannot be achieved, 
either because of the large size of the defect or 
because it compromises respiratory and cardio-
vascular function, the alternative approach is a 
staged repair utilizing a pouch. This staged repair 
carries an increased risk of infection as well as 
the need of multiple anesthetic and surgical 
procedures. 

 The anesthetic technique must provide a good 
analgesia, obtained by opioids and a large use of 
muscle relaxants, to obtain the most effective 
help for the closing of the wall defect with 
replacement of the viscera in the abdomen. In 
addition to anesthetic support, surgical strategies 
to achieve primary repair include stretching of 
the abdominal wall, evacuating the contents of 
the stomach and small bowel, irrigating 
 meconium from the intestines, and enlarging the 
defect by leaving a fascial hernia. 

 The determination of objective criteria that 
would predict safe, primary closure of abdominal 
wall defects is based mainly on intraoperative 
measurement of intra-abdominal pressures that 
should be kept less than 20 mmHg to prevent 
adverse hemodynamic consequences to other 
organs and tissues. However, during surgery, it is 
also necessary to consider changes of other intra-
operative hemodynamic parameters such as cen-
tral venous pressure, cardiac output, arterial 
blood pressure, and heart rate as well as of the 
urine output and of respiratory parameters such 
as oxygenation, ETCO 2 , and airway pressure dur-
ing mechanical ventilation [ 64 ].      
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5.1          Introduction 

 Postoperative admission to the pediatric intensive 
care unit (PICU) is foreseen for all pediatric 
patients undergoing major digestive surgery and 
all children with a basic critical illness, often unre-
lated to the abdominal problem that leads to sur-
gery, which requires monitoring and/or intensive 
treatment. Hospitalization in intensive care 
increases the security of critical patients in the 
delicate phase that follows the surgery, character-
ized by the need to maintain a proper respiratory, 
cardiovascular, and metabolic function and stabili-
zation of these features, together with the need for 
analgesia and sedation, appropriate fl uid therapy 
and electrolyte compensation, neurological moni-
toring, and prevention/treatment of infections. 

 It should also be pointed out that for some dis-
eases, often typical of the neonatal age, such as 
esophageal atresia, abdominal wall defects, and 
necrotizing enterocolitis, the surgery is part of an 
intensive treatment, which begins at birth and 
which also involves an important phase of preop-
erative treatment and stabilization. For these clin-
ical conditions, the more correct term is 
perioperative intensive care [ 1 ].  

5.2     Intensive Monitoring 

 Monitoring is one of the main prerogatives of 
intensive perioperative hospitalization, which 
may involve pathologies with clinical controls 
and rapid autonomization or others requiring 
long and complex assistance. 

 Particular importance is given to respiratory 
monitoring, with attention to the type of mechan-
ical ventilation, the respiratory weaning, and the 
techniques of noninvasive respiratory assistance, 
and to the cardiovascular, metabolic and electro-
lyte, temperature, and neurological monitoring 
carefully tailored to the level of consciousness 
and sedation of the patient. 

 The respiratory monitoring involves simple 
and noninvasive instrumentation ranging from 
pulse oximetry and capnography to the reading of 
volumes, pressures, and compliance curves pres-
ent during mechanical ventilation. An important 
control is that of the arterial blood gases, which 
offers the opportunity to further monitor oxygen-
ation parameters such as alveolar-arterial gradi-
ent oxygen (A-aDO 2 ), oxygenation index (OI), 
arterial-alveolar ratio (a/AO 2 ), and PaO 2 /FiO 2  
ratio, useful in the evaluation of the postoperative 
alveolar recruitment in many challenging dis-
eases such as esophageal atresia, omphalocele, 
and gastroschisis. The traditional control of the 
chest with imaging through X-ray until the com-
puted tomography is now usefully supplemented 
by the use of ultrasound lung, easily repeatable 
and usable in the control/treatment of conditions 
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such as pneumothorax, pleural effusion, and pul-
monary atelectasis [ 2 ,  3 ]. 

 Hemodynamic monitoring focuses on param-
eters of the conventional type such as ECG, inva-
sive or noninvasive blood pressure, and central 
venous pressure as well as on parameters obtained 
through the method of pulse contour analysis and 
transpulmonary thermodilution, which allow the 
continuous evaluation of cardiac output, periph-
eral vascular resistance, and stroke volume, in 
addition to the measurement of preload in volu-
metric terms and the estimation of the intratho-
racic blood volume (ITBV) and the amount of 
extravascular lung water (EVLW). 

 Furthermore, it is possible to obtain the evalu-
ation of the perfusion of tissues such as the brain, 
renal, and splanchnic through the “near-infrared 
spectroscopy” (NIRS). Finally, again through 
ultrasound method, the monitoring of the fi lling 
fl uid challenge can be obtained through the mea-
surement of the size of the vena cava. 

 Monitoring in PICU includes control of the 
main laboratory tests and evaluation at regular 
intervals of daily input and output of fl uid in 
order to accurately assess the volume status of 
the patient. 

 The children admitted require careful moni-
toring to prevent infectious complications. The 
monitoring follows a strict protocol of surveil-
lance involving culture tests such as throat swabs, 
rectal samples, biological tracheobronchial secre-
tions, gastric and urinary content, and material 
conducted by any drainage. The surveillance 
begins at the induction of anesthesia in the oper-
ating room or at the time of admission to the 
PICU. It should also examine all the types of 
principal invasive devices and drainage at the 
time of their removal. Blood cultures are pro-
grammed if the patient’s clinical condition and 
the biohumoral markers suggest severe sepsis.  

5.3     Respiratory Treatment 

 After major digestive surgery, often the main 
treatment in PICU is instrumental support of the 
respiratory function, which provides a gradation 
of interventions depending on the severity of the 

respiratory failure. Early respiratory weaning and 
extubation are safe and feasible in many patients, 
but in a signifi cant minority, this might not be 
possible. A number of factors have been shown to 
contribute to delayed weaning from the ventila-
tor. These include perioperative factors such as 
known chromosomal and neurological abnormal-
ities, the age of the patients, the presence of air-
way problems and pulmonary disease, the 
complexity of the operation, postsurgical compli-
cations, and myocardial dysfunction. 

 The main objectives of such support are the 
insurance of an adequate alveolar ventilation, 
with CO 2  removal associated with a satisfactory 
oxygenation, improving the relationship of venti-
lation/perfusion (VA/Q), encouraging alveolar 
recruitment, and reducing the work of breathing 
(Table  5.1 ).

   The fi rst measures are constituted by methods 
of noninvasive ventilatory (NIV) assistance, 
combining oxygen therapy with the possible 
application of positive airway pressure and/or of 
a ventilatory support (high-fl ow nasal oxygen, 
NIV equipment), with the use of different inter-
faces depending on the age of the patient (nasal 
prong, masks, or helmets) (Figs.  5.1  and  5.2 ) [ 4 ].

    If the newborn and children require intuba-
tion, the possibilities of ventilatory assistance can 
range from techniques of controlled ventilation 
(mainly controlled pressure) to assisted methods, 
used in the weaning of patients such as synchro-
nized intermittent mandatory ventilation (SIMV), 
pressure support (PS), and continuous positive 
airway pressure (CPAP) [ 5 ,  6 ]. 

   Table 5.1    Objectives of mechanical ventilation   

  Support or manipulate pulmonary gas exchange  
   Normalize alveolar ventilation (PaO 2 , PaCO 2 , and 

pH) 
   Achieve and maintain PaO 2  > 90 mmHg and 

peripheral Sat O 2  > 95 % 
  Increase lung volume and maintain adequate functional 
residual capacity (FRC)  
   Obtain lung expansion and prevent or treat 

atelectasis 
   Improve oxygenation and lung compliance 
  Reduce the work of breathing in the presence of high 
airway resistance and/or reduced compliance, when 
spontaneous breathing becomes ineffective  
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 A particular method of ventilation is controlled 
high-frequency oscillatory ventilation (HFOV) 
characterized by very small volumes (less than 
the dead space) and extremely high respiratory 
rates between 5 and 15 Hz (300 and 900 breaths/
min). Oscillatory ventilation produces a series of 
oscillations (positive and negative) in the airways, 
with an active expiratory phase, and during the 
entire respiratory cycle, lung volume is main-
tained almost constant (Fig.  5.3 ).

   An interesting ventilatory approach, very use-
ful for the weaning of patients, is the neurally 

adjusted ventilatory assistance (NAVA) based on 
neural respiratory control [ 7 ,  8 ]. By NAVA, the 
electrical activity of the diaphragm (Edi) is cap-
tured with an appropriate catheter, equipped with 
an array of nine miniaturized electrodes, which 
must interface in the lower esophagus at the level 
of the diaphragm, in order to obtain the best elec-
trical signal from diaphragmatic fi bers. The cath-
eter sends the signals to the ventilator and is used 
to assist the patient’s breathing [ 9 ,  10 ]. Since the 
mechanical ventilator and the diaphragm work 
with the same signal, the mechanical coupling 
between the diaphragm and the mechanical ven-
tilation is virtually instantaneous (Fig.  5.4 ).

   The ventilation in neonatal and pediatric age 
during the postoperative course after surgery 
requires a solid basic understanding of respira-
tory system mechanics (pressure-volume rela-
tionship of the respiratory system and the concept 
of its time constants) and cardiopulmonary phys-
iology. Furthermore, careful attention has to be 
paid to avoid damaging the lungs by potentially 
injurious mechanical ventilation. Optimizing 
ventilator settings during controlled and assisted 
ventilation must lead to a progressive and gentle 
lung recruitment, avoiding the damage caused by 
strong and repetitive opening/collapse of distal 
airways and excessive alveolar hyperinfl ation. 

 Especially in neonatal age, in the presence of 
a still immature lung, and in association with 
problems such as pulmonary infections, sepsis, 
aspiration of saliva or gastric juice, and severe 
heart diseases, excessive mechanical ventilation 

  Fig. 5.1    Noninvasive ventilatory (NIV) assistance with 
helmet in neonatal age       

  Fig. 5.2    Ventilator for noninvasive ventilatory (NIV) 
assistance       

  Fig. 5.3    Parameters of respiratory assistance with high- 
frequency oscillatory ventilation (HFOV)       
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can lead to lung injury, emphasizing phenomena 
of volutrauma and barotrauma, which can result 
in a biotrauma, characterized by alveolar dam-
age, with increased microvascular and epithelial 
permeability, fl uid fi ltration, and pulmonary 
edema. 

 This clinical condition can approach an acute 
respiratory distress syndrome (ARDS), character-
ized by the absence of secretion or abnormalities 
in the action of surfactant, resulting in decreased 
lung compliance and signifi cant hypoxemia. 
Administration of surfactant, associated with 
HFOV, may represent an effective method of 
lung recruitment and alveolar recovery in acute 
pulmonary injury and in ARDS. Bronchoscopic 
instillation offers the theoretical advantages 
that the surfactant may be distributed directly 
to the desired regions of the lung, with a more 
economical use of the drug and with the oppor-
tunity to lavage leaked serum proteins prior to 
instillation.  

5.4     Cardiocirculatory Treatment 

 The cardiac output (CO) is the result of the heart 
rate multiplied by the stroke volume; it under-
goes changes according to the variation of the 
two parameters. 

 Modifi cations of the heart rate are able to 
result in major reductions in cardiac output: bra-
dycardia in children, especially at an early age, 
causes an important reduction of CO, as the sys-
tolic ejection volume does not increase in propor-
tion to the decrease of the heart rate, because of 
poor ventricular compliance, due to the immatu-
rity of the cardiac muscles. 

 Tachycardia, up to 200 beats/min, seems bet-
ter tolerated, as it is accompanied by a propor-
tional increase in CO. 

 Likewise, limitations in stroke volume also 
involve a signifi cant lowering of cardiac output. 
Supporting cardiovascular disease in young 
patients with digestive surgery must include both 
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  Fig. 5.4    The electrical discharge of the diaphragm captured through the introduction in the lower esophagus, at the 
level of the diaphragm, of a NAVA catheter equipped with an array of nine miniaturized electrodes       
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principal actions for the overall improvement in 
stroke volume and specifi c interventions with 
antiarrhythmic therapy. 

5.4.1     Increase of Stroke Volume 

 The increase of the CO is achieved, thanks to an 
increase in the volume of systolic ejection. It 
depends on and is infl uenced substantially by 
three mechanisms:

•    Increase in the preload  
•   Increase in myocardial contractility  
•   Reduction of the afterload (vascular resistance 

against which the ventricle pumps the blood 
volume)    

 The volume expansion contributes to the 
increase in preload; it should benefi t from the use 
of crystalloid, colloid, and blood and its deriva-
tives. At fi rst contributions of 10–20 ml/kg iso-
tonic polyelectrolyte solutions are likely to 
improve the clinical condition with the recovery 
of peripheral perfusion, decreased heart rate, and 
the recovery of a viable diuresis. These quantities 
are usually well tolerated hemodynamically. 

 Secondly, volume resuscitation of a patient 
with hypovolemic or septic shock is an essential 
component of initial patient care. Massive 
amounts of intravenous fl uid are usually admin-
istered to replace intravascular volume defi cit 
and to minimize complications attributed to 
hypovolemia such as tachycardia, hypotension, 
acute kidney injury, and multiorgan failure. 
Goal- directed therapies focused on the restora-
tion of normal blood pressure and organ perfu-
sion have been advocated in the management of 
critically ill patients. Early goal-directed ther-
apy, which is instituted in the initial phase of 
management of patients with severe sepsis or 
septic shock, has been shown to improve overall 
survival [ 11 ,  12 ]. 

 In contrast to the notion of aggressive and 
liberal volume resuscitation, a growing body of 

evidence strongly suggests that fl uid overload 
may be detrimental to critically ill patients. 
Relatively, little attention has been paid to the 
consequences of fl uid overload such as respira-
tory failure, increased cardiac demand, and 
peripheral edema. Recent studies on patients 
with acute lung or kidney injury have reported 
that fl uid overload has been associated with 
adverse outcomes [ 13 ,  14 ]. 

 The treatment of choice for the optimization 
of myocardial contractility appears to be the 
correction of all unfavorable factors (hypoxia, 
acidosis, hypoglycemia, hypocalcemia, drugs, 
and toxic substances). Positive inotropic 
agents, pressor drugs, and vasodilators are 
indicated as appropriate [ 15 ]. Sympathomimetic 
amines are compounds used in optimizing 
hemodynamics. 

 Dopamine is a catecholamine most used in 
neonatal and pediatric age. Its action takes place 
on both beta and alpha receptors at a dose of 
5–10 mcg/kg/min, respectively. The positive ino-
tropic effect is still mainly due to the release of 
endogenous norepinephrine. Its positive inotro-
pic effect is modest overall. In patients with renal 
impairment, it is the drug of choice because at a 
dose of 3–2 mcg/kg/min, in continuous 
 administration, it ensures a vasodilatation of the 
splanchnic and renal vascular system. Such 
action however is discussed for renal and intesti-
nal protection. 

 Dobutamine increases myocardial contrac-
tility, systolic ejection volume, and cardiac out-
put; it decreases the systemic and pulmonary 
resistance when used in cardiac failure. Even at 
high doses, it has little effect on heart rate and 
does not cause an increase in peripheral resis-
tance. It is therefore particularly indicated for 
patients with severe heart failure. Its action is 
predominantly beta-adrenergic. This drug is 
normally used in continuous infusion at a dose 
of 5–10 mcg/kg/min. It has no specifi c action 
on renal and mesenteric circulation and is 
therefore often used jointly with low-dose 
dopamine. 
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 Epinephrine is the drug of choice in cardio-
pulmonary resuscitation (CPR). It possesses 
potent inotropic and chronotropic effects, asso-
ciated with action on the alpha and beta recep-
tors of the systemic vascular resistance. In 
moderate doses it proves to be a real inotropic 
support in critically ill patients, even when other 
medicines have not been fruitful; the risk of a 
response in generalized vasoconstriction is real 
only at high doses. 

 In other cases, it is necessary to resort to a reduc-
tion in the afterload; the decrease in systemic vascu-
lar resistance decreases afterload and increases the 
volume of systolic ejection, without being accom-
panied by increased myocardial oxygen demand. 

 Sodium nitroprusside is a vasodilator with 
effects on vascular resistance (arteries) and 
capacitance (veins). Arteriolar dilation produced 
by this drug reduces the afterload; increased vas-
cular capacitance requires proper support of the 
preload. It is normally used at a dosage of 0.5–
10 mcg/kg/min; its administration requires con-
tinuous monitoring of cyanide and thiocyanate 
metabolites [ 16 ]. 

 Nitroglycerin dosage of 1–20 mcg/kg/min has 
an action prevailing on vascular capacitance with 
an effective reduction of the preload. 

 Amrinone is an inhibitor of phosphodiester-
ase, which has positive inotropic action and is a 
powerful vasodilator. It is administered slowly in 
boluses of 0.75–1 mg/kg, followed by continuous 
infusion of 5–10 mcg/kg/min.  

5.4.2     Heart Rate and Rhythm 
Normalization 

 Tachyarrhythmias have recently been reported 
in childhood but can be related to the increased 
presence of circulating catecholamines, elec-
trolyte abnormalities, metabolic acidosis, 
hypoxia, and hypercapnia. Pheochromocytoma 
and hyperthyroidism are the endocrine disor-
ders that most frequently are associated with 
tachyarrhythmias. Often beta-blocker drugs, 
especially propranolol at a dose of 0.01–
0.1 mg/kg/day, constitute the drugs mainly 

used, even only to reduce an excessive increase 
in heart rate. 

 Supraventricular tachycardia (SVT) is the 
most common rhythm disturbance in children. 
Adenosine is considered the drug of choice to cor-
rect the SVT. If administered quickly, at a dose of 
0.1 mg/kg through a central venous catheter, it 
causes an immediate reduction in the frequency of 
the sinoatrial node and the conduction velocity of 
the atrioventricular node. The doses may be 
repeated and the dosage increased up to 0.2–
0.3 mg/kg, with a maximum total dose of 12 mg. 

 Ventricular tachycardia, fortunately infre-
quent in children, requires immediate treatment. 
In the acute phase lidocaine (1 mg/kg), amioda-
rone (5 mg/kg) and procainamide (5–15 mg/kg) 
intravenous are recommended. Electrical cardio-
version is indicated when the patient remains 
unstable despite drug treatment.   

5.5     Fluid Management 

 Fluid management of the pediatric surgical patient 
represents an important aspect of clinical care, 
particularly for the initial treatment of the sick 
child. An understanding of the physiology of fl uid 
requirements is essential for care of these chil-
dren. Infants and children are sensitive to small 
degrees of dehydration, and commonly used pro-
tocols for pediatric fl uid therapy do not consider 
the rapidly changing perioperative physiology in 
this patient population. Standard formulas for 
fl uid therapy can be modifi ed to account for these 
rapid changes in physiology (Table  5.2 ).

   Control and distribution of body fl uids in neo-
nates, infants, and children are carried out in large 
part through the kidney and vary according to the 
different age groups: the total water of a prema-
ture infant represents approximately 85 % of body 

   Table 5.2    Postoperative fl uid management   

 Patient weight  Daily fl uid intake 

 <10 kg  85–100 ml/kg 
 10–20 kg  1000 ml + 50 ml every kg > 10 kg 
 >20 kg  1500 ml + 20 ml every kg > 20 kg 
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weight, with a redistribution percentage between 
the extracellular fl uid volume (ECV) and intracel-
lular fl uid volume (ICV) of 55 % and 30 %, 
respectively; in term infant the total water consti-
tutes 78 % with an ECV equals to 45% and an 
ICV to 33 %. Only at 1-year-old (total H 2 O = 65 %) 
is the reversal of the percentages of the two com-
partments witnessed (ICV = 40 % and 
ECV = 25 %), which is the characteristic of adults 
(total H 2 O 60 %, ICV 40 %, and ECV 20 %). 

 Two aspects are most relevant in designing a fl uid 
therapy in all ages: fl uid intake and volume replace-
ment. Intravascular fl uid guarantees tissue perfu-
sion; therefore, paying attention to it must have the 
highest priority. Fluid replacement is necessary to 
maintain the hydroelectrolytic homeostasis and 
acid-base balance. Fluid distribution is regulated by 
osmotic pressure: hypothalamic nucleus is sensitive 
and responds to very low variations, and this condi-
tion causes a hormonal response, involving the 
secretion of ADH and aldosterone. The dehydrated 
patient produces more ADH to preserve the H 2 O. It 
should be taken into account that during the intraop-
erative period, ADH secretions may increase due to 
factors other than the osmotic ones (pain, stress, 
drugs). For a correct fl uid postoperative planning, 
consideration must be given to the metabolic require-
ments, intraoperative administration, “third-space” 
sequestration, blood loss related to surgery, and par-
ticular conditions such as the use of radiant lamps 
for neonates/preterms [ 17 ]. 

 Fluid requirements depend on the metabolic 
expenditure, which is higher in neonatal age. 
Under normal conditions, 100 ml is required to 
metabolize 100 Kcal, according to the calculation 
of Holliday and Segar.  

5.6     Analgosedation 
Management 

 Effective and adequate therapy to control pain and 
stress is essential in the management of children 
in perioperative digestive surgery treatment. 

 Analgosedation must meet different require-
ments: adequacy, appropriateness, effectiveness, 
and safety. 

 Much evidence confi rms that pain and stress 
must be treated in order to prevent short- and 
long-term adverse outcomes [ 18 – 20 ]. 

 Not rarely a correct analgosedation manage-
ment is hard to achieve and overtreatment and 
undertreatment are both harmful. The complexity 
and the clinical diffi culties due to the age of the 
patients sometimes induce therapeutic priorities 
to preserve cardiocirculatory stability or to ensure 
neurological evaluation, giving up analgesic and 
sedative drugs and underestimating the conse-
quences of an inadequate pain control and pro-
longed stress. 

 Therapeutic necessities of a patient should be 
set up in advance on dedicated and shared inter-
nal protocols, integrated into local context and 
appropriate to the needs of specifi c situations, in 
order to prepare later and progressively an effi -
cient and personalized analgosedation therapeu-
tic plan, according to real needs of the patient. 

5.6.1     Pain and Sedation 
Measurement 

 Analgesia must be regularly assessed and docu-
mented using validated age-related scales. 

 Self-report scales are preferred instruments 
for pain assessment in patients with adequate 
cognitive development. There are several propos-
als for different ages: the Faces Pain Scale 
(>3 years), the visual analog scale (VAS), and the 
numerical rating scale (NRS) (>7 years). 

 Observational scales must be applied in 
patients aged less than 3 years or unable to com-
municate and therefore are the most used in 
intensive care; some of them, multidimensional, 
also include the registration of physiological 
parameters such as heart rate, blood pressure, 
and SpO 2 . 

 Observational scales recommended for neona-
tal age are the Premature Infant Pain Profi le 
(PIPP) and the Crying, Requires increased oxy-
gen administration, Increased vital signs, 
Expression, and Sleeplessness (CRIES) scale; for 
children the Face, Legs, Activity, Cry, and 
Consolability (FLACC) and the Children’s 
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Hospital of Eastern Ontario Pain Scale (CHEOPS) 
are used. 

 Pain measurement must be carried out at regu-
lar intervals like other vital signs to monitor 
changes in pain intensity over time and the effec-
tiveness of the treatment. Intervals of 4–6 h may 
be suffi cient if pain control is adequate. 

 Sedation must be regularly assessed and docu-
mented using adequate monitoring scales. The 
COMFORT scale, validated also for the neonatal 
age, is the most utilized tool [ 21 ].  

5.6.2     Drugs for Analgosedation 

 Measurement of pain and the identifi cation of its 
underlying causes lead to the choice of analgesic 
drug, which must be of adequate power and tar-
geted to causal mechanisms. 

 Acute pain is the form most frequently met in 
PICU, but complex patients with prolonged stay 
in intensive care may present with persistent, 
chronic forms of pain, for which a multimodality 
approach may be necessary (Table  5.3 ).

   Acetaminophen in neonates and acetamino-
phen and nonsteroidal anti-infl ammatory drugs in 
children above 3 months of age are recommended 
for treating mild pain (Table  5.4 ).

   Opioids are the drugs recommended for treat-
ing moderate-to-severe pain (Table  5.5 ).

   In some patients, adding nonsteroidal anti- 
infl ammatory drugs or acetaminophen to opioids 
is useful. 

 Fentanyl is indicated in the presence of car-
diocirculatory instability and in neonates with 
persistent pulmonary hypertension. 

 Regional techniques must always be consid-
ered in cases of localized pain such as procedures 
and surgery. Epidural analgesia is effective for 
acute pain after surgery or trauma to the chest, 
abdomen, pelvis, or lower limbs, although its 
safe management requires expertise and good 
skill level. 

 The aims of sedation are reduction of distress, 
fear, and agitation, improvement of patient- 
ventilator synchrony, and decrease in self- 
removing of invasive devices. Sedation cannot be 
pursued without an adequate analgesic treatment, 
since persistent not treated pain hampers the 
sedation strategy. 

 Midazolam is the most frequent benzodiaze-
pine used for sedation in pediatric intensive care. 
Its administration by continuous intravenous 
infusion varies between 0.5 and 4 mcg/kg/min. 
Midazolam is not recommended in premature 
infants because of the high incidence of neuro-
logical adverse events related to continuous 
infusions. 

 Propofol is a sedative/amnestic agent with no 
analgesic properties. Although initially intro-
duced into anesthesia practice, its rapid onset, 
rapid recovery time, and lack of active metabo-
lites led to its evaluation as a drug for intensive 
care sedation. Its use for prolonged periods of 
time may cause adverse effects such as 
 hyperlipidemia, hypercarbia, and the “propofol 
infusion syndrome,” characterized by metabolic 
acidosis, rhabdomyolysis, arrhythmias, and car-
diac failure [ 22 ].  

5.6.3     Tolerance and Withdrawal 
Syndrome 

 Long-term treatments can be complicated by tol-
erance. Drugs and patient-related factors take 
part in developing tolerance, defi ned as the phar-
macodynamic reduction of the secondary effects 
to long-term therapy. 

 Symptoms of withdrawal may develop during 
therapy discontinuation: hypersympathetic 
activity, neuroexcitability, and gastrointestinal 
impairment. Symptoms are not specifi c, and 
withdrawal syndrome may pass underdiagnosed 

   Table 5.3    Postoperative pain management. Multimodal-
ity approach   

 Acetaminophen 
 Nonsteroidal anti-infl ammatory 
 Opioids 
 Regional anesthesia 
 Local infi ltration of the trocar insertion in laparo- and 
thoracoscopy 
 Local wound infi ltration 
 Nonpharmacological techniques 
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or not recognized, since such symptoms may be 
frequently ascribed to other pathologic condi-
tions seen in PICU. 

 Risk factors have long been identifi ed and 
must always be evaluated: length of the therapy 
(>5 days) and cumulative dose (fentanyl in neo-
nates > 1.6 mg/kg, in infants > 2.5 mg/kg, mid-
azolam > 60 mg/kg). Even if the incidence of the 
withdrawal syndrome is variable in different epi-
demiological studies, it seems clear that the syn-
drome develops mainly when analgosedation 
drugs are too rapidly reduced or abruptly with-
held [ 23 – 25 ].   

5.7     Nutritional Support 

 Clinical nutrition is a therapeutic act that helps 
meet the nutritional needs of patients unable to 
feed adequately in a natural way. Objectives of 
clinical nutrition are reduction of the damage 
produced by pain and surgical stress, preventing 
the onset of a condition of malnutrition, and/or 
the reduction of its implications if they were 
already present. 

 The quantitative and qualitative composition 
of the nutrition begins with the identifi cation of 

needs in normal terms and assesses the changes 
related to the clinical status. Almost always it is 
good to take as a reference point the actual 
weight, considering the ideal weight only in cases 
that deviate signifi cantly from normality. 

 Enteral and/or parenteral nutrition should aim 
at covering the nutritional needs of the patient in 
terms of basal metabolic rate and physical activ-
ity and correction of preexisting malnutrition, 
growth, and disease states. 

 Excessive nutritional intake can cause hyper-
glycemia, increased fat, fatty liver disease, disor-
ders of the lipid, and protein metabolism. By 
contrast, a reduced intake can cause weight loss, 
malnutrition, impaired immune response, delayed 
tissue repair, and growth retardation. 

 The World Health Organization (WHO) 
indicates the adequate daily intake in pediatric 
age. 

 Tolerance of caloric intake is limited by the 
capacity to metabolize substrate calories, depend-
ing on the route of administration, the activity, 
the age, and the pathology of the patient. 

 A newborn subjected to parenteral nutrition 
(PN) requires a lower caloric intake compared to 
a similar neonate subjected to enteral nutrition 
(EN), since the consumption determined by the 

   Table 5.4    Doses and method of postoperative administration of acetaminophen, main nonsteroidal anti-infl ammatory 
drugs (NSAIDs), and tramadol used in children   

 Drugs  Administration  Dose (kg/day) 
 N° times 
(day)  Continuous 

 Acetaminophen  Oral, rectal  60–90 mg  4–6 
 Acetaminophen  Intravenous  60–90 mg  4–6 
 Ibuprofen  Oral, intravenous  20–40 mg  3–4 
 Ketoprofen  Oral, intravenous  5–7.5 mg  3 
 Ketorolac  Oral, intravenous  1–1.5 mg  3 
 Naproxen  Oral, intravenous  10–20 mg  2 
 Acetylsalicylic acid  Oral, intravenous  40–80 mg  4 
 Tramadol  Oral, intravenous  2–3 mg  2–3  0.1–0.25 mg/kg/h 

   Table 5.5    Postoperative pain management. Drug doses, onset, duration, and potency of opioid narcotics   

 Drug  Potency  Doses (mcg/kg/h)  Onset (min)  Duration (h) 
 Respiratory 
depression 

 Morphine  1  10–50  20–30  3–4  +++ 
 Fentanyl  100  0.5–4  3–5  0.5–1  +++ 
 Alfentanil  20  3–15  1.5–3  0.2–0.3  + 
 Remifentanil  250  0.05–1 (mg/kg/min)  1–2  0.1–0.2  + 
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dynamic-specifi c action, related to intestinal 
absorption, is absent. 

 Early nutritional support is always necessary 
in newborns, especially in premature with 
reduced gestational age, such as very-low-birth- 
weight (VLBW) infants, whose birth weight is 
below 1500 g and that, because of their limited 
nutritional reserves, need a higher protein and 
calorie intake than a normal-weight newborn. 

 An important aspect of postoperative stress in 
pediatric surgery is that, after surgery, energy 
expenditure reaches a maximum value of 2–4 h 
after operation, returning to baseline within 24 h. 
The amount of energy expenditure is related to 
the severity of the surgery and remains higher in 
premature infants and in the fi rst 48 h of life. 

 Pain, stress, and trauma surgery greatly infl u-
ence a correct nutrition through hormonal imbal-
ance initially characterized by reduced insulin 
secretion and increased release of the hormones 
with opposite action, such as catecholamines and 
glucagon. This early phase is characterized by a 
reduced utilization of metabolic nutrients. 
Subsequently, it develops into a tendency toward a 
hypermetabolic state, with an increased demand 
for protein and calories, which are drawn from the 
energy reserves of the organism, with a redistribu-
tion among deposit tissues, such as fat, toward 
organs with high metabolic needs such as the ner-
vous tissue and viscera, including the liver and 
kidney. This altered nutritional, metabolic, and 
hormonal condition, if not supported by a gradual 
and controlled administration of nutrient intake, 
can lead to a state of catabolism and protein/caloric 
malnutrition, which in turn is responsible for:

•    Increased susceptibility to infection  
•   Hypoprotidemia  
•   Slowing the healing of surgical wounds (gas-

trointestinal anastomosis)  
•   Increase of decubitus ulcers  
•   Increased presence of altered gastrointestinal 

bacteria  
•   Reduced intestinal absorption and nutrient 

loss with feces    

 After a major surgery, necessitating a state of 
starvation, it is mandatory to intervene through 

artifi cial feeding, of which there are two modes 
of administration: enteral and parenteral nutri-
tion. On the basis of the age and the presence of 
endogenous reserves of nutrients, which are 
scarcer the lower the age of patients, it is neces-
sary to program an artifi cial nutrition plan, which 
should not be delayed beyond 24 h in neonates 
and infants and beyond 48–72 h in later age 
bands. In the postoperative period following 
digestive surgery, parenteral nutrition is most fre-
quently adopted. 

 The start and progressive increase of nutrients 
up to the desired values is called the induction 
phase of the parenteral nutrition (PN). Nutrients 
must be administered with well-calibrated incre-
ments, respecting a constant relationship between 
protein intake and energy intake (provided by 
nonprotein calories which are the sum between 
calories of carbohydrates and lipids). This ratio 
has to be carefully balanced (nitrogen grams/
nonprotein calories = 1/150–250). In this phase 
the metabolic indexes should be checked fre-
quently to test the tolerance of the patient to 
PN. In the following days, with the PN at a stabil-
ity condition, if well tolerated by the patient, the 
biochemical controls may be weekly. With the 
achievement of the phase of stabilization, moni-
toring of the auxological parameters, such as 
nitrogen balance, visceral protein (retinol, preal-
bumin, transferrin), weight, height, and head cir-
cumference, is particularly useful [ 26 ]. 

 As soon as bowel function is recovered, the PN 
can be suspended with a gradual reduction of the 
volume and amount of nutrients (weaning phase). 

 Table  5.6  shows the nutritional needs during 
total parenteral nutrition.

5.8        Abdominal Compartment 
Syndrome 

5.8.1     Introduction 

 Abdominal compartment syndrome (ACS) is 
defi ned as the adverse physiologic consequences 
resulting from an increased intra-abdominal pres-
sure (IAP). The organ systems most affected 
include the cardiovascular, renal, and pulmonary 
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systems. If untreated, ACS can cause clinical 
deterioration and rapidly lead to crucial organ 
failure and death. On the other hand, abdominal 
decompression usually leads to a prompt reversal 
of the adverse pathophysiologic modifi cations.  

5.8.2     Etiology and Pathophysiology 

 In pediatric age, ACS has been associated with 
several etiologies including abdominal injury 
with postoperative bleeding, abdominal heman-
gioma, trauma, bowel necrosis, mesenteric vein 
thrombosis, omphalocele, gastroschisis, intesti-
nal graft-versus-host disease, intestinal perfora-
tion, peritonitis, necrotizing enterocolitis, hepatic 
veno-occlusive disease, shock, and burns requir-
ing massive fl uid resuscitation. 

 Intra-abdominal pressure under normal condi-
tion is usually 0 mmHg and is slightly positive in 
patients submitted to mechanical ventilation, 
because of transmission of intrathoracic pressure 
in the abdomen. Initially, IAP rises slowly as 
abdominal contents and girth increase. However, 
at a certain critical level, compliance of the 
abdominal wall reaches its limits, and any further 
distension results in a rapid rise in abdominal 
pressure, decreased organ perfusion, and devel-
opment of clinical ACS. 

 As intestinal ischemia leads to bowel disten-
sion, bowel wall edema, and capillary leak, it can 
set up a vicious cycle by further increasing IAP 
and may eventually lead to both bowel necrosis 
and ACS [ 27 ].  

5.8.3     Clinical Presentation 

5.8.3.1     Cardiovascular 
 With advancing ACS, the patient presents a pro-
found shock often unresponsive to fl uid resusci-
tation and vasoactive drugs. Reduced cardiac 
output results primarily from decreased venous 
return because of compression of the inferior 
vena cava and the portal vein as well as from 
increased intrathoracic pressure, which markedly 
reduces cardiac preload. 

 Increased thoracic pressure, related to dia-
phragmatic elevation, was shown to decrease left 
ventricular compliance and a very high IAP to 
decrease myocardial contractility. Hemodynamic 
function is further impaired by increased systemic 
vascular resistances induced by increased IAP.  

5.8.3.2     Respiratory 
 Respiratory failure is a major component of the 
ACS and is characterized by elevated peak venti-
latory pressure, hypoxemia, and hypercarbia. The 
elevated IAP causes upward displacement of the 
diaphragm and compresses the lungs, resulting in 
progressively stiffer chest with extremely low 
compliance.  

5.8.3.3     Renal 
 Oliguria progressing to anuria, both of which can be 
unresponsive to fl uid therapy and diuretics, is the 
hallmark of the ACS. Elevated IAP results in mark-
edly increased renal venous pressure and impaired 
renal venous drainage: this is thought to be the most 
important mechanism of renal dysfunction.  

   Table 5.6    Nutritional needs during total parenteral nutrition   

 Age and weight  Protein (g/kg/day)  Carbohydrates (g/kg/day)  Lipids (g/kg/day) *  

 Premature  3–4  12–14–16  2–3 
 Neonate  3  18  2–3 
 3–10 kg  2.5–3  16–18  2 
 10–15 kg  2.5  12–14  2 
 15–20 kg  2  10–12  1.5 
 20–30 kg  1.5–2  <12  1.5 
 >30 kg  1.5  <10  1 
 Critically ill children  1.5–3  7.5  1–2 

   * Lipids in TPN 
 Lipid intake 25–35 % of nonprotein calories 
 Minimum 0.25 g/kg/day to prevent EFA defi ciency 
 Maximum 2–3 g/kg/day in neonates and infants 
 Administration continuously over about 24 h  
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5.8.3.4     Gastrointestinal 
 Increased IAP was shown to signifi cantly reduce 
splanchnic perfusion. At an IAP of 20 mmHg, 
signifi cant decreases in blood fl ow to all seg-
ments of the bowel, the liver, the kidneys, and the 
spleen were demonstrated. Impaired intestinal 
perfusion results in anaerobic metabolism, lactic 
acidosis, and free radical production.  

5.8.3.5     Cerebral 
 Increased intracranial pressure (ICP) is a recog-
nized component of ACS. In recent years several 
case reports described prompt reductions in ele-
vated ICP following abdominal decompression.   

5.8.4     Intra-abdominal Pressure 
Determination 

 Intra-abdominal pressure can be determined by 
measuring intragastric pressure, inferior vena 
cava pressure through a long femoral venous 
catheter, or urinary bladder pressure. This last 
procedure is simple and practical in which an 
age-adjusted amount of saline is injected through 
a urinary catheter connected to a pressure trans-
ducer (Table  5.7 ).

5.8.5        Management 

5.8.5.1     Medical Care 
 Critical care management of the patient with 
ACS consists of supporting the failing organ sys-
tem until defi nitive therapy is instituted and the 
basic problem can be brought under control. 

 Volume resuscitation with repeated fl uid 
challenges is the mainstay of cardiovascular 
support, aiming and improving the decreased 
preload that causes the reduced cardiac output. 
This should be increased by inotropic support 
(dopamine, dobutamine, epinephrine) if 
response is inadequate. 

 Most patients will require mechanical ventila-
tion, and, as abdominal pressure rises, higher air-
way pressures and FiO 2  will be required to 
maintain gas exchange. 

 These measures, however, will at best result in 
temporary improvement, because they do not 
alleviate the underlying problem and may actu-
ally result in further deterioration as more fl uids 
leak into the abdominal third space.  

5.8.5.2     Surgical Care 
 The key to successful management of ACS is an 
early diagnosis and prompt surgical decompres-
sion of the abdomen. 

 In patients whose ACS is caused by intra- 
abdominal accumulation of fl uid, such as ascites, 
peritoneal tap and continuous drainage may 
resolve the problem. 

 Following decompression, primary abdominal 
closure without excessive pressure is usually 
impossible, and the abdominal cavity is left open 
with the use of various temporary abdominal wall 
closure techniques. 

 Several techniques are described depending 
on the underlying disease, age, and severity of the 
clinical condition: the use of “only-skin” closure, 
the Dacron mesh, and the external sterile plastic 
pack (vacuum pack) or of sterile 2-L intravenous 
fl uid bag (“Bogota” bag).    

   Table 5.7    Grading of abdominal compartment syndrome by intra-abdominal pressure and percentage of organ fail-
ures, with recommendation for treatment   

 Grade 

 Bladder 
pressure 
(mmHg) 

 Urine output 
<0.5 ml/kg/h 

 PIP 
>45 mmHg 

 SVR >1000 
dyn/s/cm −5  

 DO 2 I >600 O 2 /min/
m 2   Recommendations 

 I  10–15  0 %  0 %  0 %  0 %  Maintain 
normovolemia 

 II  16–25  0 %  40 %  20 %  20 %  Hypervolemic 
resuscitation 

 III  26–35  65 %  78 %  65 %  57 %  Decompression 
 IV  >35  100 %  100 %  100 %  100 %  Decompression and 

re-exploration 

   PIP  peak inspiratory pressure,  SVR  systemic vascular resistances,  DO   2   I  oxygen delivery index  
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5.9     Necrotizing Enterocolitis 

 Necrotizing enterocolitis (NEC), which typically 
occurs in the second to third week of life in pre-
terms, is characterized by variable damage to the 
intestinal tract, ranging from mucosal injury to 
full-thickness necrosis and perforation. NEC 
affects close to 10 % of infants who weigh less 
than 1500 g, with mortality rates of 50 %. 

 In surgical NEC, the anesthesia is carried out 
in a clinical condition characterized by a drastic 
and rapid deterioration, frequently involving 
complications such as acidosis, electrolyte imbal-
ances, lethargy, abdominal compartment syn-
drome, acute renal failure, coagulopathy, RDS, 
and cardiocirculatory failure. Often the clinical 
picture is further complicated by the occurrence 
of toxic-septic shock with multiple organ dys-
function syndrome (MODS) which is triggered in 
an infant weighing <1000 g. 

 Often, especially in extremely low-birth- 
weight (ELBW) infants, the anesthesiological 
and intensive approach may become diffi cult 
[ 28 – 30 ]. 

 Some points, almost always interdependent, 
need to be raised [ 31 ]:

•    The choice of surgical option. This is between 
peritoneal drainage and laparotomy, depend-
ing on the clinical condition of the infant and 
the extent of the disease. However, the opti-
mum choice remains controversial. Peritoneal 
drainage is a short procedure, requires a less 
risky anesthesia, but only offers a temporary 
decompression for the purposes of stabilizing 
the patient in expectancy of a more invasive 
surgical intervention. Laparotomy foresees an 
anesthesia with very high risk, its principal 
objective being the removal of gangrenous 
bowel in order to check sepsis while preserv-
ing as much bowel length as possible. The sur-
gical options of laparotomy include 
enterostomy alone or intestinal resection with 
enterostomy.  

•   The decision about where to operate. This 
question is still open to debate, also consider-
ing that every hospital has its own logistic and 
organizational characteristics. The NICU may 

not be the optimal setting for a surgical proce-
dure, but moving an infant weighing <1000 g 
in a serious and unstable condition to the oper-
ating theater entails very high risks. In a short 
space of time, various events may occur that 
could irreversibly precipitate their condition: 
the loss of body temperature, the discontinua-
tion of the mechanical ventilation instituted, 
the modifi cations in posture during transfer, 
which could lead to serious cardiocirculatory 
complications such as bradycardia and 
hypotension.  

•   The decision as to whether, and for how long, 
it is possible to wait before undertaking the 
urgent intervention. The goal should be to 
obtain, in a brief space of time, the best pos-
sible clinical stabilization before undertaking 
surgery (optimization of the fl uid resuscitation 
and inotropic and vasopressor drugs, correc-
tion of possible acidosis, anemia, or coagu-
lopathy) without further compromising the 
general condition of the patient.  

•   The choice of which anesthetic drugs to use. 
Even though the pharmacokinetics is not fully 
understood, smaller doses of anesthetic are 
usually required, and their effects last longer 
due to low clearance and prolonged elimina-
tion half-lives. The literature is currently still 
discussing the neurotoxic effect of anesthetic 
drugs on the developing brain. It therefore 
remains unclear what role anesthesia expo-
sure during infancy actually plays in deter-
mining neurobehavioral outcome. This could 
have very worrying implications in ELBW. 
Moreover, no important differences in neu-
rodevelopmental outcomes were observed 
between the surgical and medical NEC.  

•   The choice of which intraoperative monitor-
ing might constitute an additional aid in such 
small preterms in whom the scarce feasibility 
of monitoring is well known during high-risk 
interventions. Capillary blood-gas analysis 
could be useful. Other possibilities to be 
investigated in ELBW could be the reliability 
of central venous pressure in a peripherally 
inserted central catheter of extremely small 
caliber and the role of abdominal as well as 
cerebral near-infrared spectrometry (NIRS).        
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      Clinical Nutrition                     

     Antonella     Diamanti      ,     Teresa     Capriati    , 
and     Daniela     Giorgio   

6.1          Introduction 

 Pediatric patients are particularly vulnerable to 
the disease-related consequences of malnutrition 
that may be prevented by clinical nutrition [ 1 ]. 
The clinical nutrition applies in clinical practice 
the techniques of artifi cial nutrition (AN) that 
include enteral nutrition (EN) and parenteral 
nutrition (PN) [ 2 ]. EN consists in administration 
of complex nutrients into the gastrointestinal 
tract; PN delivers simple nutrients directly into 
the blood generally by central venous catheters or 
in some cases by peripheral veins [ 3 ,  4 ]. The 
most appropriate nutritional intervention will be 
determined by assessing patient’s age, clinical 
condition, gastrointestinal function, attitude for 
oral intake, dietary habits, and costs [ 2 ]; however, 
decisional algorithm starts from the gut function. 
Following this assessment the patient may receive 
dietary advice, oral nutritional supplements, 
enteral nutrition (EN) regimens, or parenteral 
nutrition (PN) [ 2 ]. 

 According to the ESPGHAN indications, EN 
support includes both delivery of liquid formula-
tions via tube and provision of specialized oral 
nutritional supplements (ONSs) [ 2 ]. ONSs are 
suitable to completely replace intake by normal 
foods and they allow to avoid more invasive AN 
techniques. They have good taste and are avail-
able as liquids or creams. When oral intake is 
inadequate or intake of normal food is inappro-
priate to meet the patients’ needs, EN by tubes 
should be approached. It is realized by the use of 
enteral formulations for the long-term use and 
subdivided as polymeric, based on cow’s milk 
proteins (PFs); low molecular formulas, contain-
ing oligopeptides derived from protein hydroly-
sates and high amount of medium-chain 
triglycerides (MCTs) (HFs); and elemental feeds, 
based on free amino acids (AAs). EN support is 
the fi rst choice in patients with maintained gut 
function. PFs are employed in about 50 % of the 
overall EN candidates; they are inadequate in 
some digestive diseases, in post-pyloric enteral 
feeding, and in cow’s milk allergy [ 2 ,  5 ,  6 ]. 

 When gut function is impaired, as in all forms 
of intestinal failure (IF), PN should be approached 
[ 2 ]. IF refers indeed to all states where the intes-
tine has inadequate absorptive capacity to meet 
nutritional, fl uid, and electrolyte needs to sustain 
life and growth requirements of a child [ 7 ]. 

 The etiology of IF recognizes the short bowel 
syndrome (SBS) where congenital or acquired 
lesions have determined extensive loss of intesti-
nal mass, as the most frequent underlying disease 

        A.   Diamanti ,  MD      (*) 
  Hepatology, Gastroenterology and Nutrition Unit , 
 Bambino Gesù “Children Hospital” , 
  Piazza S. Onofrio 4 ,  00165   Rome ,  Italy   
 e-mail: antonella.diamanti@opbg.net   

    T.   Capriati    •    D.   Giorgio    
  Artifi cial Nutrition Unit ,  Bambino Gesù Children’s 
Hospital ,   Piazza S. Onofrio 4 ,  00165   Rome ,  Italy    

  6

mailto:antonella.diamanti@opbg.net


114

[ 8 ]. Malabsorption due to ineffective mucosal 
surface (congenital enterocyte disorders, pheno-
typic diarrhea, and autoimmune enteropathy) and 
motility disorders with undamaged mucosal sur-
face but wide motility dysfunctions (chronic 
intestinal pseudo-obstructions, gastroschisis not 
associated with small bowel resection, and 
Hirschsprung’s diseases) are further categories of 
IF [ 7 – 10 ]. 

 However, complete enteral starvation should 
be avoided whenever possible [ 2 ]. Therefore, 
although PN should be fi rstly considered in IF, 
EN should be also employed integrating the max-
imum tolerated amount of enteral intake with the 
ongoing support of PN. Even minimal quantities 
of nutrients in the gastrointestinal tract (so-called 
trophic feeding) may promote intestinal perfu-
sion, initiate release of enteral hormones, and 

improve gut barrier function [ 11 ,  12 ]. Thus, few 
clinical conditions are now considered absolute 
contraindications to EN (see Fig.  6.1 ). We can 
ideally represent the nutritional approach to pedi-
atric digestive surgery as a pyramid, in which, 
proceeding from the base to the tip, increasingly 
invasive techniques are encountered (see 
Fig.  6.1 ).

6.2        Clinical Nutrition and SBS 

 Nutritional management of SBS is of particular 
interest because it provides a model of combined 
PN/EN management. This model may be applied 
to several digestive diseases at neonatal onset. 
Following neonatal small bowel resection, IF 
occurs due to the residual reduced length of the 

PN
∑  Ileus*
∑  Intestinal obstr°.
∑  Perforation
∑  NEC

PN+EN
Intestinal failure:

 ∑  Short gut
∑  Abnormal gut function

ONS
Normal gut function

+

∑  No dysphagia or
∑  Oral intake >50% or
∑  Not very impaired growth

EN BY TUBES
Normal gut function

+
∑  Oral intake >50% +dysphagia or
∑  Oral intake <50% or
∑  Daily length of overall meals >4-6 hours or
∑  Veryimpaired growth 

  Fig. 6.1    Summary of clinical nutrition management in 
pediatric digestive diseases.  PN  parenteral nutrition,  *  
paralytic or mechanical ileus,  °  obstruction,  NEC  necro-

tizing enterocolitis,  EN  enteral nutrition,  ONS  oral nutri-
tional supplements       
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gut, responsible for SBS. The course of IF SBS 
related can be ideally subdivided into three 
phases, with distinct clinical characteristics and 
requiring different nutritional approaches. If 
long-term dependence on PN is expected (gener-
ally more than 3 months), IF can be defi ned as 
chronic, and it requires to plan home parenteral 
nutrition (HPN) programs (see Figs.  6.2  and  6.3 ) 
[ 13 ,  14 ].

    Overall the nutritional care of neonatal SBS 
onset includes (1) early managing of fl uid and 
electrolyte losses before starting PN and EN; 
(2) providing adequate PN, for growth and nor-
mal development; (3) promoting intestinal 
rehabilitation by optimizing EN; (4) discharg-
ing on home parenteral nutrition (HPN) the 
patients with protracted dependence on PN; 
and (5) preventing/treating complications 
related to the patients’ underlying disease and 
their PN. 

6.2.1     Early Managing of Fluid 
and Electrolyte Losses 

 SBS patients, at the early stages after bowel 
resection, have increased losses of fl uids and 
electrolytes which can lead to signifi cant electro-
lyte imbalance and dehydration. Early restoration 
of fl uid and electrolyte homeostasis is therefore 
required, and it needs aggressive recovery with 
fl uids [ 15 ]. Early fl uid replacement is usually 
1 mL for every mL of fl uid loss. This phase is 
followed by PN beginning.  

6.2.2     Providing Adequate PN 

 Before approaching each PN program, a reliable 
vascular access should be warranted. The choice 
of the access is dependent on the predicted length 
of the PN support. Peripherally inserted central 
lines are very effective means of providing PN 
over a short to medium term, while more defi ni-
tive central venous access is required for pro-
longed PN. The expertise of a dedicated 
hospital-based nutritional team is required to tai-
lor PN to the single patient and to manage central 
catheters; it is supported by offi cial guidelines 
published by the pertinent societies [ 15 – 17 ]. 

 SBS is at risk for developing intestinal failure- 
associated liver disease (IFALD) [ 18 ] due to 
IF-related factors, such as lack of enteral feeding, 
disturbed enterohepatic bile fl ow, presence of 
infl ammation, oxidative stress, immaturity of the 
liver, and infections, but also PN-related factors 
[ 18 ]. Therefore, in patients who are predicted to 
require long-term treatments, PN should be 
 tailored to reduce the risk of liver injury [ 9 ,  19 ]. 
To prevent/treat IFALD, some aspects of PN 
management can be modulated and in particular 
are the following:

    A.    Choosing lipid emulsions (LEs)   
   B.    Optimizing non-lipid intake    

6.2.2.1      Choosing LEs 
 Historically, a French study delineated IFALD in 
adult HPN patients as a value of at least 1.5-fold 
the upper limit of normal on two of three liver 

Type 1: first month
Manage early fluids
Begin/optimize PN

Begin EN  

Type 2: 2th-4thmonth
Try to reduce/suspend PN

Optimize EN and ON
Prevent/treat IFALD that

may occur

Type 3: >4thmonth
Increase ON  trying to

suspend EN
If  dependence on PN

persists: plan HPN
(chronic IF)   

  Fig. 6.2    Course of IF after neonatal small bowel resection.  IF  intestinal failure,  PN  parenteral nutrition,  EN  enteral 
nutrition,  ON  oral nutrition,  IFALD  intestinal failure-associated liver disease,  HPN  home parenteral nutrition       
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Start EN
within 7-10
days from
resection

Start at 1-2
ml/Kg/h by

continuous EN

BF first option
HFs is BF not

available

EN 5/10  ml/h.
start bolus
by
EN or ON    

IF is not tolerated,
reduce PN in

isocaloric manner

Try to suspend
PN by

maintaining
ON

in daytime and
EN in nighttime  

Reduce
flux/concentr

ation EN 

Change  formula
(switch to  HFs/AAs in

BF/HFs fed
respectively)

Test maximum
tolerated

amount of ON,
suspend EN and

plan HPN 

a b

c

  Fig. 6.3    Patterns of combined management of PN and 
EN after small bowel resection.  PN  parenteral nutrition, 
 EN  enteral nutrition. ( a ) Pattern of EN beginning. ( b ) 
Pattern of tolerance to advancing EN. ( c ) Pattern of intol-

erance to advancing EN.  BF  breastfeeding,  HFs  hydro-
lyzed formulas,  ON  oral nutrition,  AAs  amino acid-based 
formulas,  HPN  home parenteral nutrition       
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function measures for cholestasis that persists for 
more than 6 months [ 20 ]. This study also showed 
that chronic cholestasis predicts serious liver 
problems and is associated with the use of soy-
bean oil-based lipids (SO) at doses >1 g/kg/day 
[ 20 ]. Several factors may explicate how LEs can 
impact on the development of IFALD:

    (a)    Activation of hepatic macrophages (Kupffer 
cells) by excess of ω–6 polyunsaturated fatty 
acids (PUFAs) in SO that leads to the produc-
tion of proinfl ammatory cytokines derived 
from linoleic and arachidonic acids [ 21 ].   

   (b)    High intake of phytosterols (e.g., stigmas-
terol and campesterol, equivalents of cho-
lesterol in vegetable oils) derived from SO; 
they have structural similarity to bile acids 
and may act as antagonists to nuclear bile 
receptors that are protective against cho-
lestasis [ 21 ].   

   (c)    Overall content of vitamin E, especially of 
its most bioactive isoform α-tocopherol, 
which protects PUFAs from oxidative dam-
age due to lipid peroxidation. The addition 
of this component to SO has been shown to 
reduce liver damage in a piglet model of 
IFALD [ 21 ].    

  Published surveys report that the use of a fi sh 
oil-based LEs (FO) is able to reverse IFALD [ 22 , 
 23 ]. These surveys, nevertheless, are used at a 
markedly decreased dosage of FO (1 g/kg/d) if 
compared to that of SO in the control historic 
group (3 g/kg/day) [ 22 ]. That supports the 
hypothesis that the overall decreased fat intake 
rather than FO supplementation is important in 
reversing IFALD [ 21 ]. Interestingly a recently 
published paper reports two cases of reverted 
cholestasis by switching from SMOF lipid 
(Fresenius Kabi, Bad Homburg, Germany), an 
emulsion containing a mixture of 30 % of SO, 
30 % of coconut oil, 25 % of olive oil, and 15 % of 
FO at 2.0–3.0 g/kg/day, to FO at 1 g/kg/day [ 24 ]. 
That supports the hypothesis that the reduced 
amount rather than the type of LEs may be 
hepatotoxic. 

 Anyway FO monotherapy has now been 
widely employed in clinical practice. FO alone 

may not be able to provide enough energy to sus-
tain growth. A mixed LE containing soybean oil 
(SMOFlipid) compared with SO in a blinded ran-
domized controlled trial in pediatric HPN patients 
resulted in mild changes in total bilirubin when 
administered four to fi ve times per week at 2 g/
kg/day and in normal growth pattern [ 25 ]. 

 In North America, FO alone (Omegaven, 
Fresenius Kabi, Bad Homburg, Germany) is 
available on the market, whereas in Europe, it is 
possible to use LEs containing the mixture 
(SMOFlipid, Fresenius Kabi, Bad Homburg, 
Germany). That led to develop two different 
approaches to optimize LE use in the United 
States and Canada as compared with Europe. 

 Many institutions generally combine the use 
of novel lipid preparations and reduced rates of 
administration of SO to prevent the development 
of liver disease [ 21 ]; e.g., if bilirubin exceeds 
34 μg/L, lipid intake is reduced at 1 g/k/day, 
while if it goes over 50 μg/L, the lipid source is 
changed to FO alone at 1 g/kg/day. 

 Table  6.1  summarizes the composition of 
available LEs employed in PN.

6.2.2.2        Optimizing Non-lipid Intake 
 Excessive glucose intake causes increased lipo-
genesis and fat tissue deposition together with 
subsequent liver steatosis and enhanced produc-
tion of triglycerides by the liver [ 3 ]. The American 
Society for Parenteral and Enteral Nutrition 
(ASPEN) [ 26 ], the European Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition 
[ 18 ], and the American Academy of Pediatrics 
guidelines (ESPGHAN) [ 27 ] recommend limit-
ing the glucose infusion rate (GIR) at 12–14 mg/
kg/min (18 g/kg per day) in infants and young 
children up to 2 years. Glucose intake should 
usually cover 60–75 % of nonprotein calories [ 3 ]. 
As reported above reduced LEs intake as strategy 
to prevent/treat IFALD may be required; in such 
cases increased glucose intake, to better satisfy 
the nutritional needs, resulted as well tolerated 
[ 28 ]. 

 Furthermore, prophylactic cycling of PN may 
reduce the incidence of IFALD [ 21 ]. Cyclical PN 
is well tolerated and may be 3–6 months of age. 
In cyclical PN the maximal rate of glucose infu-
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sion may exceed the advised GIR. The maximal 
infusion rate should not exceed 1.2 g/kg per hour 
(20 mg/kg per min). A stepwise increase and 
decrease of glucose infusion rate at onset and at 
discontinuation of the infusion should be consid-
ered to avoid hyper- and hypoglycemia, respec-
tively. A reliable method for tapering is to halve 
the rate for 30 minutes and then to halve this 
again for an additional 30 minutes. Glucose toler-
ance should be monitored during the fi rst phases 
of the cycling PN [ 3 ]. 

 With regard to the choice of amino acid solu-
tion, there is evidence that supplementation of 
TrophAmine may reduce the incidence of IFALD 
in certain high-risk populations such as those 
with NEC [ 19 ]. 

 Furthermore, copper and manganese serum 
levels from PN solutions should be monitored 
closely in patients who have developed IFALD 
because they may exacerbate it [ 19 ].   

6.2.3     Promoting EN 

 The provision of enteral nutrients is a critical 
component of the therapy of IF; in SBS patients it 
represents the fundamental driver of adaptation 
[ 15 ]. Early attempts of oral nutrition confer the 
critical window of opportunity for establishing 
normal suck and swallow patterns; if this is not 
attended, the child is at risk for oral aversion, 
which has many long-term negative conse-

quences [ 29 ]. The most pragmatic way to address 
EN handling in IF should be to account that all 
patients regardless of the etiology of their IF may 
recover to a variable degree and that the strate-
gies to promote EN should be reconsidered on a 
day-to-day basis. The overall care of IF is based 
on the judicious integration of two overlapped 
goals: progressive advancement of enteral calo-
ries and gradual weaning from the ongoing sup-
port of PN, maintaining a weight gain [ 15 ]. If 
tube feeding is used, the practice of inserting a 
gastrostomy early allows a more controlled 
method of delivering feed with an opportunity to 
preserve and promote voluntary feeding without 
the negative effects of the long-term presence of 
a nasal tube [ 29 ]. If patients with motility disor-
ders but also with SBS show poor tolerance to 
gastric feeding, the post-pyloric EN approach 
should be tried [ 6 ]. Main aspects concerning EN 
management in SBS are:

    A.    Choosing the formula   
   B.    Assessing methods of feeding   
   C.    Assessing tolerance to EN   
   D.    Using enteral supplements   
   E.    Starting and handling complementary foods    

6.2.3.1      Choosing the Formula 
 There is a paucity of evidence in favoring one 
type of feed over the other in this setting;  however, 
breastfeeding (BF) should be used when toler-
ated as it helps and promotes adaptation [ 30 ]. The 

   Table 6.1    Composition of lipid emulsions available for parenteral nutrition   

 Emulsion (% fat) (manufacturer)  Lipid source (%)  ω6:ω3 ratio  Phytosterols (mg/L)  α-Tocopherol (μmol/L) 

 Intralipid 20 % (Fresenius Kabi)  SO 100 %  7:1  348 ± 33  87 
 Lipofundin 20 % (B. Braun)  SO 50 % 

 MCT 50 % 
 7:1  No data  502 

 ClinOleic-Clinolipid 20 % 
(Baxter) 

 SO 20 % 
 OO 100 % 

 9:1  327 ± 8  75 

 Lipoplus 20 % (B. Braun)  SO 40 % 
 MCT 50 % 
 FO 10 % 

 2.7:1  No data  562 

 SMOF lipid 20 % (Fresenius Kabi)  SO 30 % 
 MCT 30 % 
 OO 25 % 
 FO 15 % 

 2.5:1  47.6  500 

 Omegaven 10 % (Fresenius Kabi)  FO 100 %  1:8  0  505 

   SO  soybean oil,  MCT  medium-chain triglycerides,  OO  olive oil,  FO  fi sh oil  
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full advantages of BF include the optimal macro-
nutrient composition for human infant growth, 
with a full complement of macro- and micronu-
trients [ 31 ,  32 ]. In addition, it contains trophic 
factors such as epidermal growth factor, which 
likely augment the adaptive process [ 7 ]. 
Furthermore, BF contains immunoglobulins and 
natural antimicrobial properties which both 
enhance mucosal barrier function and prevent 
dangerous overgrowth of bacteria within the 
intestinal lumen. Finally it promotes intestinal 
colonization by appropriate lactobacilli and 
related bacteria which are important elements of 
healthy microbiome [ 33 ,  34 ]. Bovine colostrum 
also seems to confer benefi cial effects on IF [ 35 ]. 

 Finally BF supports physiological and psy-
chological relationship between infant and 
mother. If the mother’s own milk is not available, 
banked breast milk, even with pasteurization, has 
nearly identical physiologic benefi ts [ 31 ]. Overall 
BF should be the fi rst choice in SBS patients. 

 If BF is not available, formula selection should 
be based on:

    (a)    Low allergenicity, because SBS infants are at 
high risk for allergy [ 36 ]   

   (b)    Fat profi le based on a combination of 
medium-chain triglycerides (MCTs) and 
long-chain triglycerides (LCTs) (ratio of 
MCTs to LCTs of 30 %/70 %) that seems to 
favor fat absorption in patients with signifi -
cant intestinal resection, with or without a 
colon in continuity [ 37 ]   

   (c)    Pre-hydrolyzed protein content that may be 
more suitable than the whole proteins to give 
nitrogen source to an ineffi cient mucosal sur-
face [ 32 ]   

   (d)    Low osmolality (less than 310 mOsm/L) 
to minimize the risk for osmotic diarrhea 
[ 38 ,  39 ] ]   

   (e)    Glucose polymer as main carbohydrate 
source rather than lactose, due to the possible 
lactose intolerance, especially in SBS chil-
dren [ 16 ]     

 Some HFs and AAs meet the above reported 
criteria. AAs have been shown effective in 
decreasing PN length in small and uncontrolled 
series of SBS patients [ 18 ,  40 ].  

6.2.3.2     Methods of Feeding 
 EN should be started as soon as postoperative 
ileus resolves [ 16 ,  41 ,  42 ], by the most physio-
logical mode. This ideally should be in the form 
of oral bolus feeding via the breast or bottle. In 
infants unable to tolerate oral feeds, nasogastric 
tube feeding is needed. Continuous tube feeding 
is associated with increased feed tolerance by 
improved mucosal contact and decreased transit 
time within the gut [ 16 ]. Bolus tube feeding 
helps gut motility and adaptation and provides 
periods of fasting, thus reducing persistent 
hyperinsulinemia. After establishing an appro-
priate base of enteral nutrients, the general pat-
tern is to increase the provision of enteral 
nutrients by a slow but steady increment, begin-
ning at 10–20 mL/kg/day (for the average new-
born). After the infant can tolerate continuous 
feeds of 5 mL/h, it is extremely useful to begin 
transition to oral feeds, providing in small quan-
tities, three to four bolus oral feedings a day 
(equal or less than the volume continuously tol-
erated per hour). After establishing a stable 
feeding pattern, feeds are steadily increased on a 
daily basis [ 16 ]. In order to maximize overall 
enteral intake, it is often helpful to have continu-
ous drips overnight. To correctly switch from 
PN to EN, it needs to consider that the net caloric 
extraction from EN is not 100 % as from PN and 
that macronutrient absorption from EN is supe-
rior than that of electrolytes and fl uids. 
Therefore, PN should be decreased according to 
the calories provided by EN and not volume for 
volume [ 41 ].  

6.2.3.3     Assessing Tolerance to EN 
 In SBS infants, increasing stool output, vomiting, 
and irritability to the advancing EN may suggest 
poor tolerance to the current EN regimen. If stool 
output is between 30 and 40 mL/kg body weight, 
it needs to carefully increase EN. Doubled stool 
output or outputs >40 mL/kg/day are contraindi-
cations to increase enteral feeds and indications 
to deal with a short-term reduction in feeding 
volume that will be gradually reintroduced. Stool 
frequency greater than six times per day should 
induce to cautiously increase EN [ 16 ]. 

 Carbohydrate intolerance, which determines 
frequent and liquid stools, is frequent in SBS 
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patients, and it can be suggested by the presence 
of reducing substances on the stools and by the 
stool pH <6. 

 The rise in plasma citrulline concentration fre-
quently accompanies the successful achieving of 
enteral tolerance. Citrulline is a nonessential 
amino acid produced by the enterocytes of the 
small bowel; its serum level has been shown to 
refl ect intestinal mass in various gastrointestinal 
diseases. Citrulline concentration of 
12–15 μmol/L or greater following EN beginning 
seems to predict a successful PN withdrawal 
[ 41 ]. In Table  6.2  we report the markers of 
impaired EN tolerance useful in clinical practice. 
The combinations of several markers are associ-
ated with evolution toward chronic IF.

6.2.3.4        Use of Enteral Supplements 
 IF patients can loss bicarbonate and sodium in 
their stool or stoma which must be closely moni-
tored and replaced, not only intravenously but 

also via enteral route [ 10 ]. It is important to mon-
itor sodium balance, because sodium defi ciency 
can limit growth in infants [ 7 ,  41 ]. The simple 
spot measurement of the urinary sodium and, in 
selected cases, the calculation of the fractional 
excretion of sodium are rapid and effective ways 
to monitor the sodium loss. If the spot urine 
sodium is <10 mEq/L, increased sodium intake, 
both in EN and in PN, is required. The sodium 
content in PN should be titrated to keep urine 
sodium >30 mEq/L and to maintain urine sodium- 
to- potassium ratio at least 1:1. Weekly monitor-
ing of the urinary sodium is a preemptive way of 
assessing status, rather than waiting for the serum 
level to drop, and long-term monitoring of this 
parameter is suggested [ 7 ]. 

 When increasing in feeds does not result in 
appropriate weight gain, it should consider 
supplementation with additional fat [ 15 ]. There 
is good rationale for using long-chain triglyc-
erides (LCTs) as supplemental vegetable oils, 
or olive oil, or emulsifi ed preparations. 
Additionally it may be reasonable to add MCTs 
because they are absorbed directly across the 
enterocyte membrane, without requiring lym-
phatic absorption. This occurs in the proximal 
small bowel and even the stomach; therefore, 
to add gradually increasing amounts of MCTs 
to the formula being used, especially if deliv-
ered by tube feeds, may favorably increase the 
overall caloric intake. MCTs are nevertheless 
less effective than LCTs in promoting intesti-
nal adaptation [ 43 ].  

6.2.3.5     Starting and Handling 
Complementary Foods 

 The introduction of complementary, age- 
appropriate foods between 4 and 6 months of 
age, as well as oral boluses of human milk/for-
mula as soon as tolerated, is helpful to stimulate 
oral motor development and to prevent feeding 
aversion [ 10 ]. 

 Early weaning (17 weeks) has the advantage 
of promoting feeding maturation with respect to 
solids and a reduction in milk fl uid volume which 
may exacerbate a tendency to vomit or induce an 
increase in osmotically driven stomal losses [ 10 ]. 
Feeding therapy is usually required as these 

   Table 6.2    Markers of impaired EN tolerance and of evo-
lution toward chronic IF   

 Reference 
(n°) 

 Anatomical 
markers 

 1.  Residual small bowel 
length (≤40 cm) 

 2.  Residual small bowel 
length assessed by GA 
(<10 %) 

 3.  Type of the remaining 
bowel (relevant loss of 
ileus) 

 4.  ICV and colon loss (?) 

 [ 7 ,  8 ,  10 , 
 17 ,  42 ] 

 Clinical 
markers 

 1.  Frequency of stools 
(>6–8/day) 

 2.  Impaired growth 
 3.  Diaper rash due to liquid 

feces 
 4.  Fecal or stoma output 

>30–40 ml/Kg 

 [ 17 ,  42 , 
 43 ] 

 Biochemical 
markers 

 1.  Plasma citrulline 
concentration 
(<12–15 μmol/L) 

 2.  pH of feces (values <5 
indicates acid and not 
absorbed stools) 

 3.  Urine electrolytes 
(sodium <30 mEq/L and 
urine sodium-to- 
potassium ratio <1:1) 

 [ 7 ,  42 ,  43 ] 

   GA  gestational age,  ICV  ileocecal valve  
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infants are likely to have some degree of oral 
aversion due to delayed introduction of oral feeds 
as a result of prematurity, prolonged intubation, 
and cardiovascular instability. 

 Patients without a colon tolerate better diets 
that are high in fat (30–40 % of caloric intake), 
whereas those with intact colons experience ste-
atorrhea and magnesium and calcium loss with 
high-fat intake. With calcium loss, oxalate 
absorption is enhanced in the colon and kidneys, 
which can lead to the formation of oxalate renal 
stones [ 41 ,  44 ]. Hence, it is necessary to restrict 
oxalate intake in SBS patients with a colon to 
decrease the risk of oxalate renal stones. Oral cal-
cium supplements can also reduce the formation 
of oxalate stones. 

 Soluble dietary fi ber (pectin or guar gum) 
can slow gastrointestinal transit time allowing 
for improved absorption (see above). The solu-
ble fi ber in the colon is fermented to short-chain 
fatty acids, including butyrate which is an 
energy source for colonocytes. In addition, the 
butyrate regulates colonocyte proliferation and 
improves water and sodium absorption by 
upregulating the sodium-hydrogen exchangers 
[ 7 ]. However, excess pectin (>3 %) can lead to 
an osmotic diarrhea which can counteract its 
benefi ts. 

 In SBS children there is a potential for sig-
nifi cant malabsorption of carbohydrates, espe-
cially lactose. Therefore, feed with a glucose 
polymer as a main carbohydrate source is likely 
to be better tolerated [ 16 ]. Solids rich in com-
plex carbohydrates, such as cereals and soluble 
fi bers, lean meat, and unsweetened fruits, are 
well tolerated in patients with little or intact 
colon. Patients without a colon or with a stoma 
tolerate foods at high lipid contents and poor of 
carbohydrates.   

6.2.4     Discharging on HPN 

 HPN represents the best care option in infants 
who do not need hospitalization but are depen-
dent on long-term PN. It is indicated if the transi-
tion from PN to full EN, although possible, is 
expected over a long period [ 45 ]. Patients eligible 

for HPN should be clinically stable. As soon as 
suffi cient stability is reached, the child should be 
discharged under continued outpatient care with 
a team experienced in intestinal rehabilitation. A 
coordinated multidisciplinary approach is essen-
tial throughout, and the early training of parents 
in the complexity of HPN care is essential. A spe-
cialized nurse dedicated to the coordination of 
the HPN service is essential, and once the fund-
ing and provision of a HPN service are put in 
place, early discharge home benefi ts the child 
and family [ 10 ]. Transferring care of these chil-
dren from hospital to home has a positive infl u-
ence on CVC infections, social circumstances, as 
well as reducing the cost of treatment. At the 
same time, it also puts a signifi cant burden on the 
family who has to spend a lot of time caring for 
the child and has diffi culty in maintaining gainful 
employment [ 45 ].  

6.2.5     Preventing/Treating 
Complications 

 The complications of IF SBS related [ 46 – 54 ] can 
be subdivided into two main categories:

    A.    CVC-related complications   
   B.    IF-/PN-related complications    

  Main complications and suggested way of 
prevention are summarized in Fig.  6.4 .

6.2.5.1       CVC-Related Complications 
 Administration of long-term PN requires place-
ment of indwelling central venous catheter. The 
problems associated with central lines include 
infections, mechanical damage, blockages, and 
thrombosis. Infections are the commonest com-
plication with incidence being around 1–6 per 
1000 days of PN [ 17 ]. Prevention of infections is 
based on optimal catheter placement and strict 
hand hygiene. Taurolidine, a derivative of amino 
acid taurine, has been shown to have a role in 
reducing catheter-related sepsis [ 55 ]. With 
advances in the type of catheters used and inser-
tion techniques, there has been a signifi cant 
reduction in complications [ 17 ].  
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PN/IF-related

BLOODSTREAM
INFECTIONS

Optimal  CVC placement,  

Strict hand hygiene, 

Use of taurolidine or ethanol lock (?)

CVC-related MECHANICAL
COMPLICATIONS

∑  Rupture

∑  Displacement

∑  Occlusion (clot
    or calcium
    phosphate
    precipitates)

∑  Hydrothorax

∑  Pericardial
    tamponade

THROMBOSIS

Optimal CVC placement

Prevention CVC related sepsis

Warfarin if recurrent episodes

IFALD

TRACE ELEMENTS
DEPLETION/OVERLOAD

Supplementation according to the guidelines

Periodic monitoring

SBBO and D-LACTIC ACIDOSIS

Reduce carbohydrates intake

Antibiotics cycles

RENAL DISEASES

∑  Nephrolithiasis

∑  Declining renal function

Reduce food with high oxalate intake

Careful monitoring of potential nephrotoxic
antibiotics

Maintain optimal hydration

ENTEROCOLITIS

Suspected in presence of blood stools
and iron deficiency 

METABOLIC BONE DISEASE

Appropriate calcium, phosphorum and vitamin D
supplementation

Monitor aluminumconcentrations

IMPAIRED GROWTH

Monitoring metabolic bone disease and  pro
-inflammatory status

Use WHO growth charts

  Fig. 6.4    Summary of short bowel syndrome complica-
tions.  CVC  central venous catheter,  PN  parenteral nutri-
tion,  IF  intestinal failure,  IFALD  intestinal 

failure-associated liver disease,  WHO  World Health 
Organization,  SBBO  small bowel bacterial overgrowth       

 

A. Diamanti et al.



123

6.2.5.2     IF-/PN-Related Complications 
 Trace element depletion is very common among 
patients with surgical short bowel syndrome if 
parenteral administration is inadequate. Adequate 
parenteral zinc supplementation is particularly 
important; its defi ciency is generally associated 
with high output from the stoma but also with 
congenital diarrhea. As zinc is a cofactor for alka-
line phosphatase synthesis, an excellent surro-
gate marker for zinc defi ciency is the serum 
alkaline phosphatase level, which is likely 
decreased in patients at risk for the clinical mani-
festations of zinc defi ciency [ 7 ]. 

 D-lactic acidosis occurs among patients whose 
gastrointestinal tract is colonized by D-lactate- 
synthesizing organisms. Humans have the ability 
to rapidly catabolize L-lactate, which is a product 
of human anaerobic metabolism, but D-lactate 
can be catabolized and cleared very slowly, and 
toxic blood levels can build up when the small 
intestine is overgrown with anaerobic bacteria. 
Signs and symptoms of D-lactic acidosis include 
confusion, somnolence, dementia, ataxia, or even 
seizures. This condition is characterized by aci-
dosis associated with an anion gap but a normal 
blood L-lactate level. Lactobacilli and other bac-
teria, including  Clostridium perfringens  and 
 Streptococcus bovis , when present, may ferment 
non-absorbed carbohydrate to D-lactic acid, 
which cannot be metabolized by L-lactate dehy-
drogenase [ 41 ]. These microorganisms may pro-
liferate in the acidic environment of the colon 
that is the result of the metabolism of unabsorbed 
carbohydrate to SCFAs. D-lactic acidosis pres-
ents with encephalopathy (ataxia, blurred speech, 
decreased consciousness) and should be consid-
ered when there is a high anion gap metabolic 
acidosis with normal serum lactate and high 
gram + strains in the stools [ 41 ]. Preventive mea-
sures for D-lactic acidosis include the reduction 
of carbohydrate intake, followed by antibiotics 
(such as metronidazole or co-trimoxazole) when 
dietary changes fail [ 51 ]. 

 Vitamin B12 absorption may be impaired 
among patients who have undergone distal 
small bowel resections. Serum levels of B12 are 
sometimes falsely elevated because of the pro-
duction of biologically inactive B12 analogues 

among patients with bacterial overgrowth syn-
drome [ 43 ]. 

 Provision of enteral water-soluble vitamins is 
unnecessary while patients are on parenteral vita-
min supplements, but if adaptation occurs and 
patients are weaned off TPN, enteral provision of 
most water-soluble vitamins is advisable. Fat- 
soluble vitamin supplementation is delivered via 
parenteral vitamins and parenteral lipid generally 
preventing defi ciency, but after weaning of TPN, 
enteral supplementation is advisable. 

 Iron defi ciency can occur in patients with 
SBS, but it is frequently correctable with oral 
iron supplements because the effi ciency of enteral 
iron absorption is maximal in the duodenum 
which is often maintained after neonatal surgical 
resections. For patients who cannot tolerate 
enteral iron or who remain defi cient despite 
enteral supplementation, parenteral iron may be 
given. Iron defi ciency can be also due to chronic 
gastrointestinal bleeding [ 41 ]. 

 Another concern of the long-term PN is the 
potential exposure to toxic plasma aluminum 
concentrations. A recent Canadian survey found 
that in pediatric patients receiving long-term PN, 
aluminum intake is signifi cantly greater than rec-
ommended by the US Food and Drug 
Administration to prevent aluminum toxicity 
[ 54 ]. In SBS patients on PN, aluminum is stored 
in the body because the protective gastrointesti-
nal barrier is bypassed and renal function may be 
impaired. The long-term aluminum exposure can 
contribute to chronic bone disease (by inhibition 
of PTH) and to neurotoxicity of PN. In addition it 
is involved in IFALD (it accumulates in the liver) 
and in the development of hypochromic, micro-
cytic anemia (binding to transferrin). 

 Colonic oxalate absorption is increased in 
patients with SBS, resulting in hyperoxaluria and 
in calcium oxalate nephrolithiasis. The risk of 
stone formation is reduced if the colon is partially 
or fully removed. Renal function can also be 
compromised by some antibiotics or by uncor-
rected control of fl uids and electrolytes in the fi rst 
phase of IF. 

 Growth is usually impaired in SBS at neonatal 
onset. These infants will be small and to push 
their weight gain to the 50th percentile or higher 
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is not physiologic. It is more appropriate to exam-
ine the birth record and weight and to use these to 
guide the decision as to which percentile seems 
appropriate. There should be careful serial mea-
sures of length, head, and weight gain, with plot-
ting of the appropriate normative or “Z” scores. It 
may be necessary to tolerate a modest growth in 
weight, so long as growth in height and espe-
cially head circumference are maintained. It is 
likely appropriate to follow the WHO growth 
curves. 

   Conclusions 

 The key concept of nutritional care in diges-
tive pediatric surgery is to give the maximum 
tolerated EN to meet the nutritional needs for 
each patient. If the gut function is impaired, 
the maximum tolerated EN should be com-
bined with the ongoing support of PN. The 
fi nal objective is to achieve total or partial 
nutritional rehabilitation. Nutritional workup 
of neonatal onset SBS is usually complex and 
requires close attention. It should be tailored 
to the single case. The outcome is signifi -
cantly improved if they are managed by a 
multidisciplinary team that allows for fully 
integrated care of inpatients and outpatients 
with IF by favoring coordination of surgical, 
medical, and nutritional management [ 7 ,  10 , 
 15 ,  41 ,  56 ].        
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      Vascular Rings and Pulmonary 
Sling                     

     Gaetano   Domenico     Gargiulo     ,     Francesco     Petridis    , 
    Gabriele     Egidy Assenza    , and     Emanuela     Angeli   

7.1          Introduction 

 Vascular rings are a group of congenital anoma-
lies, in which the aortic arch and its branches 
form a complete or partial ring around the tra-
chea, the bronchi, and the esophagus, with poten-
tial extrinsic compression leading to variable 
degrees of respiratory problems or feeding 
diffi culties. 

 They constitute 1 % of all the congenital vas-
cular abnormalities [ 1 ], and the term vascular 
rings was originally introduced for the fi rst time 
in 1945 by Gross, when he performed the fi rst 
surgical division of a double aortic arch [ 2 ]. 

 Pulmonary sling describes a congenital vascu-
lar anomaly involving the development of the 
pulmonary arteries, more often the left one. 
Usually, the anomalous left pulmonary artery 
arises from the posterior aspect of the right pul-
monary artery; it courses over the right bronchus 
and running from right to left, posterior to the 
trachea or carina and anterior to the esophagus; it 
reaches the hilum of the left lung, forming a sling 
around the trachea. 

 The unifying characteristic of all these anom-
alies is the presence of a complete or incomplete 
vascular structure (in some cases with fi brous 
replacement) surrounding the tracheoesophageal 
unit. 

 The clinical picture can range from asymp-
tomatic patients to patients presenting with 
breathing disorders and/or swallowing diffi cul-
ties due to the bronchial and tracheal and/or 
esophageal constriction [ 3 ]. Vascular rings and 
pulmonary slings may be associated with genetic 
defects, such as 22q11.2 deletion (DiGeorge syn-
drome), or they may be combined with cardiac 
conotruncal anomalies, as tetralogy of Fallot 
(ToF), double outlet right ventricle (DORV), pul-
monary atresia (PA), truncus arteriosus (TA), and 
interrupted aortic arch (IAA) [ 4 ].  

7.2     Embryology 

 During fetal development, the brachial vascular 
system, which will give rise to the aortic arch and 
its branches, develops and completes within the 
second and seventh gestational week. 

 The complex and dynamic embryological 
development consists of six paired aortic arches 
(although never present at the same time during 
fetal life) connecting the dorsal and the ventral 
aorta, which will reorganize with differential 
growth and reabsorption during the fetal period 
by processes of apoptosis and remodeling 
(Fig.  7.1 ).
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   The fi rst and second arches largely resorb and 
contribute to minor facial arteries; the fi fth 
arches obliterate after the growth of the sixth 
ones; the third, along with the ventral aortic por-
tion, will contribute to the development of the 
vessels arising from the mature aortic arch. The 
fourth will form the ultimate aortic arch, while 
the sixth will contribute to create the pulmonary 
arteries and the ductus arteriosus. On the right 
side, the segment of the dorsal aorta comprised 
between the fourth and sixth brachial arches will 
disappear; in the left side, it persists as the duc-
tus arteriosus. 

 An unusual progression of obliterations and 
growth of this primitive vessel arrangement will 
result into a broad range of anatomical variations 
of vascular rings and slings [ 1 ]. 

 A clear description of the possible anatomical 
variety is offered by Edward’s scheme (Fig.  7.2 ); 
it condenses the conclusive phase of the brachial 
branches’ embryogenesis, depicting the totipo-
tent double (symmetrical) aortic arch, whose 
total or partial reabsorption or persistence may 
determine different anatomical variations.

   In case of persistence of both left and right 
fourth brachial branches, a double aortic arch 
will result; if an obliteration of the portion of the 
right aortic arch between the subclavian artery 
and dorsal aorta occurs, a normal formation of a 

left aortic arch will take place; instead, if the 
reabsorption involves the opposite fourth arch, a 
right-sided aortic arch with so-called “mirror 
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  Fig. 7.1    The Rathke diagram: schematic representation of the six paired brachial arches (I–VI). ( a ) The brachial arches 
connect paired ventral aorta ( a ) and dorsal aorta ( b ). ( b ) Reabsorption of the fi rst, second, and fi fth arches       
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  Fig. 7.2    Edward’s diagram: totipotent double aortic arch 
system. Legend:  Ao  aorta;  Desc.Ao  descending aorta;  E  
esophagus,  T  trachea,  RCA  right carotid artery,  RSA  right 
subclavian artery,  LCA  left carotid artery,  LSA  left subcla-
vian artery       
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image” arrangement of arch vessel will result. 
Obliterations affecting other segments will 
induce, in addition to the left or right location of 
the arch, the presence of an aberrant subclavian 
artery (Fig.  7.3 ).

7.3        Classifi cation 

 There are different classifi cations of vascular 
rings, some of which take into account the mor-
phology of the ring and some others considering 
the position and anatomy of the arch. 

 In relation to the  morphology , vascular rings 
can be divided into two large groups [ 5 ]:

    1.      Complete : when fi brovascular elements cre-
ate a complete ring around the trachea and 
esophagus   

   2.      Incomplete : if the trachea and esophagus are 
not completely encircled by fi brovascular 
structures    

  The most common abnormalities in the com-
plete form group are  double aortic arch ,  right- 
sided aortic arch with left aberrant subclavian 
artery and Kommerell diverticulum , and 
  right- sided aortic arch “mirror image”  type with 
ligamentum arteriosum on the left side. 

 Among the incomplete forms, the most fre-
quent are  left aortic arch with right aberrant sub-
clavian artery  and  pulmonary sling . 

 Regarding the  position  of the aortic arch and 
branching pattern of the great vessels, different 
 anatomical  types can be identifi ed:

    1.     Left aortic arch
    (a)     Normal branching   
   (b)     Aberrant right subclavian artery       

   2.     Right aortic arch
    (a)     Mirror image   
   (b)     Aberrant left subclavian artery       

   3.     Double aortic arch   
   4.     Pulmonary artery sling   
   5.     Cervical aortic arch    
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  Fig. 7.3    Edward’s diagram: hypothetical double arch 
system. Legend:  Ao  aorta,  Desc.Ao  descending aorta,  E  
esophagus,  T  trachea,  RCA  right carotid artery,  RSA  right 
subclavian artery,  LCA  left carotid artery,  LSA  left subcla-

vian artery,  LAA-ARSA  left aortic arch- aberrant right sub-
clavian artery,  LAA  left aortic arch,  RAA  right aortic arch, 
 RAA-ALSA  right aortic arch-aberrant left subclavian 
artery,  Double AA  double aortic arch       
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  Other anomalies exist, but they are either sig-
nifi cantly less frequent or are usually 
asymptomatic.  

7.4     Clinical Presentation 
and Diagnosis 

 Clinical presentation is heterogeneous (Table  7.1 ) 
and can vary from  asymptomatic  patients with 
incidental diagnosis during adulthood to  severe 
early symptoms  of either tracheal or esophageal 
compression, leading to early recognition of the 
more severe forms.

   The breathing diffi culty involves symptoms 
varying from wheezing, dry cough, and inspira-
tory dyspnea, with worsening during stress or 
meals. The wheezing can be misled as an asth-
matic pathology. 

 Esophageal constriction is less frequent and 
characterized by increased risk of  ab-ingestis  
events, gastroesophageal refl ux, and progressive 
dysphagia, fi rstly at ingestion of solid food and 
only after for ingestion of liquids. 

 Eventually, recurrent infections of the respira-
tory tract can occur, in particular during the fi rst 
year of patient life. Between 18 and 24 months, 
the symptoms tend to decline due to the physio-
logical growth of body structures.  

7.5     Imaging 

 Nowadays many possibilities exist to make a 
diagnosis in case of suspicion of vascular ring or 
pulmonary sling:  chest X-Ray (CXR), barium 
esophagram, echocardiography, computerized 

tomography scan  ( CT scan), magnetic resonance 
imaging (MRI), invasive angiography , and  bron-
choscopy.  All of these diagnostic techniques 
present advantages and disadvantages. 

7.5.1     Chest X-Ray (CXR) 

 Chest radiography, with or without barium 
esophagography, can be considered the fi rst-line 
imaging modality used in diagnosing tracheal or 
esophageal compression, particularly in chil-
dren. CXR double projection (straight and lean-
ing) can enlighten tracheal compression by 
nearby structures or tracheal displacement 
related to aortic arch location. In case of double 
aortic arch, the CXR image describes the tra-
chea in axis, with two lateral compressions. The 
CXR with barium esophagography can display 
a posterior incision on the esophagus due to the 
presence of anomalous subclavian artery or 
Kommerell diverticulum, and in the presence of 
pulmonary sling, the cleft will be on the anterior 
wall of the esophagus. Moreover, there could be 
present signs of pulmonary atelectasis or lung 
hyperinfl ation in case of bronchial compression. 
Unfortunately, this technique does not allow 
direct images of vascular structures or vessels’ 
anatomy, preventing from an accurate surgical 
planning.  

7.5.2     Bronchoscopy 

 Bronchoscopy is nowadays an important tool to 
make a diagnosis when symptoms of respiratory 
distress are present. This procedure may demon-
strate the presence of pulsatile compression and 
also the degree and precise location of such com-
pression. In cases of pulmonary sling, bronchos-
copy shows the length of hypoplastic tracheal 
segment, the diameter of this segment, and the 
presence of complete tracheal rings. 
Bronchoscopy is mandatory after surgical treat-
ment to evaluate the results of surgery and in the 
postoperative period to follow the outcome of 
correction.  

   Table 7.1    Vascular ring and sling: clinical presentation   

 Asymptomatic 
 Respiratory 
symptoms 

 Stridor, wheezing, chronic 
cough, recurrent respiratory 
infections, seal bark cough, 
tachypnea, intermittent cyanosis, 
asthma 

 Digestive symptoms  Feeding diffi culty, dysphagia, 
recurrent emesis, gagging, 
choking, others 
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7.5.3     Echocardiography 

 The echocardiography can be considered the fi rst 
tool to confi rm the suspicion of vascular ring or 
sling. It is usually able to demonstrate the aortic 
side; the anomalies of vessels of the aortic arch, 
such as aberrant subclavian artery or aneurysm of 
the brachiocephalic trunk; the double aortic arch; 
and the anatomy of the pulmonary artery. 
However, echocardiography is a poor imaging 
tool to either establish or exclude the diagnosis of 
a vascular ring in case of poor acoustic windows 
such as in adult patients. In addition, it does not 
depict the ligamentous structures and hyperinfl a-
tion of the lungs and the compression of the tra-
chea or esophagus. Echocardiography is 
absolutely necessary for investigating associated 
cardiac defects.  

7.5.4     Angiography 

 Angiography was the fi rst procedure used to per-
form diagnosis in these patients until the last 
decade, but currently this imaging modality is 
rarely used, and it is useful only in selected cases. 
Angiography may be considered, if the anatomy 
of the patent vessels must be visualized, includ-
ing the size of the two arches, in case of a double 
aortic arch, in order to make a proper selection of 
the arch that has to be cut. However, angiography 
is unreliable in demonstrating the tracheal or 
esophageal compression, and moreover it is an 
invasive procedure, requiring vascular access and 
the use of ionizing radiation and contrast agent.  

7.5.5     Computed Tomography Scan 
(CT Scan) 

 Computed tomography angiography (CTA) allows 
for an accurate description of vascular and respira-
tory tract anatomy. Patent vascular channels are 
evident on CTA as contrast-enhancing segments 
and are well visualized on reconstructed 3D 
images. Conversely, atretic vascular segments and 
ligaments are not evident, but their presence can 
be inferred from traction on associated vascular 

structures or compression of the trachea [ 6 ]. 
Inspiratory and expiratory CTA studies allow the 
dynamic evaluation of tracheal caliber for narrow-
ing or traction, which is particularly important in 
patients with associated tracheomalacia. CTA 
scanning times are shorter than magnetic reso-
nance imaging (MRI), and therefore sedation is 
usually not necessary, which is a signifi cant advan-
tage in a young or respiratory distressed patient. 
The principal disadvantages of CTA are the need 
for intravenous contrast agents and the potential 
late consequences of radiation- dose exposure.  

7.5.6     Magnetic Resonance Imaging 
(MRI) 

 MRI is currently the gold standard diagnostic 
modality, because of the anatomical defi nition of 
the anomaly with functional and dynamic study 
of the heart and vessels. Advantages of MRI over 
CTA include the freedom from exposure to both 
radiation and intravenous iodine contrast, as well 
as the ability to undertake functional studies in 
patients with intracardiac lesions. The limitations 
of MRI include longer scanning time than CTA 
and the need for sedation in pediatric patients.   

7.6     Vascular Rings 

7.6.1     Double Aortic Arch 

 The double aortic arch (Fig.  7.4 ) is the most fre-
quent type of vascular ring and sums up about 
40 % of the all anatomical varieties.

   This vascular malformation consists of the 
presence of a double aortic arch, one left and one 
right, both completely patent; generally one of the 
two arches is larger than the other, and the 
descending aorta is generally left sided although it 
may be right sided or positioned in the midline. 

 In 75 % of the cases, the right arch is dominant, 
while in the remaining 25 %, the left is the domi-
nant one or there is a balance between the two [ 7 ]. 

 This malformation is often associated with 
other cardiac defects, such as tetralogy of Fallot, 
truncus arteriosus, or pulmonary atresia. 
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 About 20 % of the cases are associated with 
chromosomal anomalies such as 22q11.2 dele-
tion syndrome (CATCH 22) [ 7 ]. 

 The clinical presentation can include respiratory 
and/or digestive symptoms, and the surgical correc-
tion includes the resection of the nondominant arch. 
In case of a balanced double aortic arch, it is pre-
ferred to maintain the right-sided arch. The surgical 
approach through a thoracotomy is usually per-
formed on the opposite side of the dominant arch. 

 Surgical correction usually allows resolution of 
the symptoms, despite in some cases clinical 
improvement is not immediate but delayed in time, 
due to the persistence of the constriction previously 
established on the esophagus and trachea.  

7.6.2     Right Aortic Arch, Aberrant 
Left Subclavian Artery, and  
Left Ligament (RAA-ALSA) 

 The presence of a right aortic arch with left sub-
clavian artery arising from a Kommerell diver-
ticulum is the second most common vascular ring 
and represents about 30 % of cases, and in 5–10 % 
of cases, it can be associated with other congeni-
tal cardiac abnormalities such as tetralogy of 
Fallot or ventricular septal defects (VSD). 

 The embryological development is related to a 
break occurring between the left common carotid 
artery and the left subclavian artery of the left- 
sided fourth brachial branch. The subsequent 
anatomy is a right aortic arch with aberrant left 
subclavian artery (ALSA) (Fig.  7.5 ). The ALSA 
usually takes origin from the Kommerell diver-
ticulum, representing the remnant of the right 
dorsal aorta and, in some cases, can create a pos-
terior compression of the esophagus.

   This is the spot where the vestige of the liga-
mentum arteriosum connects the aortic arch to 
the ipsilateral pulmonary artery forming a com-
plete vascular ring. 

 The existence, at once, of a bulky Kommerell 
diverticulum and the residual ligamentum arteri-
osum causes an important compression above the 
posterior esophageal wall, showing up with swal-
lowing diffi culty. 

 With the body growing, Kommerell diverticu-
lum can evolve into an aneurysmatic formation, 
causing dysphagia in adulthood and could be the 
source of life-threatening collateral events, such 
as aortic dissection or wall rupture. The risks of 
rupture and aortic dissection are strictly related to 
the dimension of the diverticulum [ 8 ,  9 ]. 

 The surgical repair is indicated in the presence 
of clinical symptoms and consists of the resection 
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  Fig. 7.4    Double aortic arch: persistence of the right and 
left aortic arch, both completely patent. Legend:  Ao  aorta, 
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of the ligamentum arteriosum, resection of 
Kommerell diverticulum, and reimplantation of the 
left aberrant subclavian artery to the left common 
carotid artery. This surgery can be complex due to 
the extreme fragility of the diverticulum wall. 

 In adult patients when complete resection of 
the aneurysmatic segment of the thoracic aorta is 
required, the surgery must be performed with the 
aid of cardiopulmonary bypass with or without 
hypothermic circulatory arrest. In these cases, 
the surgery is very challenging and includes a 
signifi cant risk of death (12 %) and paraplegia 
(4 %).  

7.6.3     Right Aortic Arch with Mirror 
Image of the Arch Vessels 
and Retroesophageal 
Ligamentum (RAA) 

 This type of vascular ring named right aortic arch 
with  mirror image anatomy  results from the per-
sistence of the fourth right aortic arch and oblit-
eration of the left one. When reabsorption takes 
place in the posterior portion of left dorsal arch, 
behind the origin of the left subclavian artery, the 
consequent vascular anatomy will be character-

ized by a right aortic arch with the left brachioce-
phalic artery (BCA, Fig.  7.6 ).

   Usually this anatomy is asymptomatic, and it 
does not form a vascular ring. However in rare 
cases, the presence of ligamentum arteriosum can 
pull back the BCA realizing an anterior tracheal 
compression. The RAA could be associated with 
conotruncal cardiac anomalies such as tetralogy 
of Fallot or double outlet right ventricle (DORV) 
and could be associated with genetic syndromes 
as CATCH 22. 

 Surgery is indicated only in cases when a tra-
cheal compression is evident. In case of tracheal 
compression by the right ascending aorta or 
anomalous innominate artery, it may be per-
formed as a simple aortopexy pulling the aorta 
toward the sternum, associated with the resection 
of ligamentum arteriosum.  

7.6.4     Left Aortic Arch with Aberrant 
Right Subclavian Artery 
(LAA-ARSA) 

 The presence of a left aberrant subclavian artery 
is defi nitely the most common anomaly associ-
ated with the left aortic arch. This anomaly occurs 
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  Fig. 7.5    Right aortic arch with aberrant left subclavian 
artery. Legend:  Ao  aorta,  PA  pulmonary artery,  RCA  right 
carotid artery,  RSA  right subclavian artery,  LCA  left 

carotid artery,  ALSA  aberrant left subclavian artery; 
 *  = Kommerell diverticulum       
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when the portion of the right arch, included 
between the origin of the right subclavian artery 
and the right common carotid artery, undergoes 
reabsorption; it usually is not associated with a 
vascular ring (Fig.   7.7  ).

   Sometimes the right aberrant subclavian 
artery arises from a Kommerell diverticulum, 
leading, in this case, to the formation of a vascu-
lar ring. This variant is rarely symptomatic, and 
symptoms usually depend on a voluminous 
diverticulum causing swelling discomfort or 
diffi culty. 

 Occasionally, its presentation is associated 
with other cardiac defects, among which coarcta-
tion of aorta, hypoplastic left heart syndrome, 
tetralogy of Fallot, or a ventricular septal defect. 
Surgical repair is rarely indicated and consists of 
the resection of the ligamentum arteriosum and, 
if needed, resection of the Kommerell diverticu-
lum. In many cases, the surgical treatment was 
found to be completely unsuccessful because the 
majority of these patients continued to have 
symptoms.  

7.6.5     Pulmonary Sling 

 This anomaly is characterized by an unusual drift 
of the left pulmonary artery, climbing over the 
right bronchus, passing behind the trachea and in 
front of the esophagus, heading to the left hilum 
(Fig.  7.8 ).

   The left pulmonary artery is often hypoplastic 
and smaller than the right artery, which can even-
tually be enlarged because of the volume over-
load; the small size of the left pulmonary artery 
may help to explain the high incidence of anasto-
motic problems that have been observed in the 
past with attempts to reimplant it. 

 Approximately 50 % of patients with a pul-
monary artery sling have complete tracheal 
rings, that is, the posterior membranous compo-
nent of the trachea is absent, and the tracheal 
cartilages, rather than being U shaped, are O 
shaped. 

 It usually presents as isolated malformation, 
but it can be associated with other congenital 
heart diseases like tetralogy of Fallot. 
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  Fig. 7.6    Right Aortic Arch (RAA) “mirror image”. Legend:  Ao  aorta,  PA  pulmonary artery,  RCA  right carotid artery, 
 RSA  right subclavian artery,  LCA  left carotid artery,  LSA  left subclavian artery       
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 The clinical scenario is dominated by the 
compression of the distal part of the trachea asso-
ciated with severe tracheal and/or bronchial 
hypoplasia and stenosis. Respiratory symptoms 
predominate because of the direct tracheal com-
pression and are essentially the same respiratory 
symptoms as those described for vascular rings. 
In case of severe airway obstruction, it is 
 necessary to establish a preoperative ventilator 
support or occasionally an extracorporeal mem-
brane oxygenation (ECMO). Symptoms of 
esophageal compression are rarely present. 

 Surgical repair should be performed in those 
patients showing respiratory obstructive diffi -
culty and consists of a relocation and reimplanta-
tion of the left pulmonary artery anterior to the 
trachea. 

 Additionally, surgery on the trachea can be 
required, because of the narrowing provoked by 
the compression around the portion surrounded 
by the sling; tracheal surgical repair can compli-
cate the correction, increasing the risk of unsuc-
cessful outcome. For the pulmonary artery 
relocation and tracheal repair, surgery is per-

LAA with ARSA

RCA

RCA

RSA

ARSA

LSA

LCA

LCA

LSA

Desc.Ao

E

T

Ao

  Fig. 7.7    Left aortic arch with aberrant right subclavian artery. Legend:  RCA  right carotid artery,  ARSA  aberrant right 
subclavian artery,  LCA  left carotid artery,  LSA  left subclavian artery       
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formed by central sternotomy, and extracorpo-
real circulation may be required in order to 
maintain an adequate oxygenation of the patient. 

 The crucial point of this correction is repre-
sented by tracheal surgery. The experience in the 
treatment of tracheal stenosis remains limited, 
and the size criteria for tracheoplasty have not 
been clearly established. Many techniques have 
been proposed with related advantages and 
disadvantages. 

 Direct resection of the stenotic segment and 
direct anastomosis are ideal for locally limited 
stenosis. Tracheal reconstruction using pericar-
dial patch is an option for more extended narrow-
ing but currently is less used due to associated 
problems like patch collapse or excessive phe-
nomenon of granulation in the midterm follow-
 up. Nowadays the technique of choice is 
considered the slide tracheoplasty. This technique, 
fi rstly introduced by Tsang [ 10 ] and popularized 
by Grillo [ 11 ], is used currently both for localized 
and diffuse stenosis. The main advantage of this 
technique is the possibility of avoiding the use of 
graft material with immediate stability of the tra-
chea, reducing the ventilation time and conse-
quently the excessive granulation process. 

 The trachea is divided transversely at the mid-
point of the narrow segment. Subsequently, a lon-
gitudinal incision of the proximal and distal 
segment of the divided trachea is performed. 
Such incision is carried across opposite (facing) 
walls of the two segments, in order to complete a 
sliding oblique anastomosis to restore a fi nal 
large working diameter. 

 In some cases with associated tracheobroncho-
malacia, it may be necessary, after repair, to stabi-
lize the trachea by placing endotracheal stents.   

7.7     Treatment and Results 

7.7.1     Vascular Rings 

 Surgery is recommended in all symptomatic 
patients, especially those with severe respiratory 
distress. In those patients, the surgery is manda-
tory in order to avoid tracheobronchial damage or 
unexpected and graves events, like sudden death. 

 Asymptomatic patients do not require surgical 
repair, unless surgical treatment of an associated 
congenital heart defect is necessary. 

 The surgical approach depends on the type of 
vascular rings or sling, and it may be performed 
by sternotomy, thoracotomy, or in specifi c cases 
video-assisted thoracoscopic surgery (VATS). 

 Nowadays the surgical correction of vascular 
rings can be carried out with low mortality and 
morbidity, as described by Backer and coll [ 12 ]. 
In a cohort of 209 patients, who underwent sur-
gery between 1949 and 2003; there was no opera-
tive mortality since 1959, and morbidity was 
mainly related to airway issues: four patients 
(2 %) required late aortopexy for recurrence of 
airway symptoms. 

 Recently Ruzmetov and coll. reviewed their 
experience in the treatment of vascular rings 
from 1970 to 2008 in 183 patients [ 13 ]. There 
was no intraoperative mortality, but three patients 
died within 30 days of surgery; mean follow-up 
was 9 ± 8.3 years, and overall survival was 96 % 
at 35 years [ 13 ]. Overall freedom from reopera-
tion was 100 % at 35 years, and 75 % were free 
from compressive symptoms within 1 year of the 
operation; none of the patients showed any evi-
dence of recurrent vascular ring anomalies at the 
last follow-up [ 13 ].  

7.7.2     Pulmonary Sling 

 In cases of diagnosis of pulmonary sling, the repair 
is mandatory, in order to avoid the progressive 
damage of the trachea and lung and dangerous 
asphyctic spells. The results of pulmonary sling 
surgery without tracheal repair are excellent with 
low mortality and morbidity, and also the repair of 
associated anomalies can be performed with no 
added mortality. Yong and colleagues reported no 
mortality in nine patients who undergone pulmo-
nary sling surgery alone and 25 % of mortality in 
patients with associated airways surgery [ 14 ]. 

 The most important factor to achieve good 
results in surgery of pulmonary sling seems to 
be the diameter of the trachea. Huang and col-
leagues reviewed a small number of patients 
who underwent treatment of pulmonary sling 
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showing no mortality in the cohort of patients 
with internal tracheal diameter larger than 
3 mm and in which it was not associated a tra-
cheal surgery [ 15 ]. 

 Surgical treatment of tracheal stenosis has 
been reported having different results due to the 
complexity of the anatomy (length of the narrow-
ing and diameter of stenotic segment), the pres-
ence of tracheomalacia, and the type of surgical 
techniques. 

 Backer and colleagues, in their series of 28 
patients treated with pericardial patch tracheo-
plasty, reported 6 % of early mortality and 18 % 
of late deaths [ 16 ]. 

 Similar results (11 % of mortality) are reported 
by Fanous and colleagues in their series of 26 
patients who undergone patch tracheoplasty [ 17 ]. 

 Recently, several reports demonstrated that 
slide tracheoplasty is the technique of choice 
because it is burdened by a lower mortality and 
postoperative airway complications. Manning 
and colleagues reported an operative mortality of 
2.5 % after slide tracheoplasty in 80 patients 
operated between 2001 and 2009 [ 18 ].      
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      Congenital Esophageal Stenosis                     

     Michela     Maffi       and     Mario     Lima    

8.1          Introduction 

 Congenital esophageal stenosis (CES) is a rare 
entity with an estimated incidence of 1:25,000–
50,000 live births [ 1 ]. This anomaly was fi rst 
reported in 1936 by Frey and Duschl who 
described the case of a dead 19-year-old girl with 
a suspected diagnosis of achalasia. The necropsy 
revealed cartilage in the cardia [ 2 ]. At the begin-
ning of the past century, all the esophageal steno-
ses diagnosed in newborn were considered 
congenital so that Sir Arthur Keith in a report of 
1910 did not differentiate between esophageal 
stenosis and atresia [ 3 ]. CES was also described 
as a further type of esophageal atresia (EA) and 
included in Gross classifi cation as type F [ 4 ].  

8.2     Classifi cation 

 The most used classifi cation of CES has been 
proposed by Nihoul-Fèkètè et al. in 1987 [ 5 ]. 
This classifi cation delineates three forms of CES:

    1.     Tracheobronchial remnant   
   2.     Segmental fi bromuscular hypertrophy   
   3.     Membranous web    

8.2.1      Tracheobronchial Remnant 

 The embryological origin of the cartilaginous 
ring is to be found in the separation of the primi-
tive esophagus and respiratory diverticulum, 
which is performed by the tracheoesophageal 
septum, formed by the proliferation of cells start-
ing from the lateral crests of the primitive fore-
gut. It may happen that, with the consequent 
cranial lengthening of the esophagus and the 
respiratory tree, mesenchymal cells belonging to 
the respiratory diverticulum can remain embed-
ded in the esophageal wall. These ectopic tissue 
remnants are typically represented by seromuci-
nous respiratory glands, respiratory epithelium, 
and cartilaginous tissue. Stenosis results from 
extrinsic compression by the ectopic tissue, as 
well as from inextensibility caused by the struc-
ture of the cartilaginous tissue. Heterotopic tissue 
of the tracheobronchial origin is most frequently 
seen in the distal esophagus, particularly in the 
lower third with a preference to the cardia level.  

8.2.2     Segmental Fibromuscular 
Hypertrophy 

 This form is characterized by subepithelial prolif-
eration of the smooth muscle and fi brosis. The 
embryologic origin of the esophageal stricture has 
to be found in developmental defects incurred 
within the fi rst 10 weeks of gestation. The primi-
tive gut separates from the trachea for the  formation 
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of a tracheoesophageal septum to approximately 
the 36th day of development. After 4 weeks, the 
muscular and submucosal layers are well repre-
sented. Subsequently, between the seventh and the 
eighth week of gestational life, there is a process 
of rapid proliferation of epithelial cells that leads 
to an almost complete closure of the primitive 
esophagus lumen except for small vacuolated 
areas that remain in the context of obliterated 
lumen. These areas, at the end of the 10th week of 
gestational age, give rise to a process of channel-
ing which leads to the reformation of a tubular 
cavity. The primitive fetal esophageal epithelium 
is composed of ciliated cells that are being 
replaced, at about the 4th month, by stratifi ed 
squamous epithelium. The fi bromuscular stenosis 
is mainly located in the middle third and in the 
proximal part of the lower third of the esophagus.  

8.2.3     Mucosal Web 

 The development of this web is similar to that of the 
diaphragm which can be located in any other intes-
tinal tract. These membranes are in fact strictly 
related to defects of recanalization of the previously 
obliterated lumen which occurred during the 10th 
week of gestation. Histologically these diaphragms 
are composed only by mucosa and submucosa.   

8.3     Associated Anomalies 

 CES can be associated with other congenital 
anomalies in 17–33 % of cases [ 6 ]. The most 
reported association is with esophageal atresia 
and/or tracheobronchial fi stula whose frequency 
ranges from 3 to 14 % [ 1 ]. Other anomalies 
include chromosomal anomalies, cardiac anoma-
lies, intestinal atresia, anorectal malformation, 
and trisomy 21 [ 1 ,  3 ].  

8.4     Symptoms 

 The clinical feature of the complete esophageal 
web appears at birth, and it is the same for esoph-
ageal atresia, characterized by drooling, cough-

ing, and regurgitation. The inability to place a 
nasogastric tube in the stomach confi rms the 
diagnosis. However if the diaphragm is incom-
plete or broken, or in case of fi bromuscular steno-
sis or cartilaginous ectopic tissue, the clinical 
onset occurs later in life, usually when solid 
foods are introduced in the diet. In the literature, 
it is reported that the onset of symptoms can 
occur in a wide range of age, from 1 day old to 57 
years of age, but it usually takes place during the 
fi rst year of life, with dysphagia, vomiting during 
meals, regurgitation of undigested food, insuffi -
cient growth, and relapsing pneumonia due to 
aspiration.  

8.5     Diagnosis 

 The diagnosis of esophageal stenosis is not par-
ticularly diffi cult and is done with a  barium 
esophagogram  performed on the indication of the 
clinical feature (Fig.  8.1 ). Less simple and cer-
tainly more important for a correct surgical ther-
apy is the differential diagnosis that must be 
made between the various forms of esophageal 
stenosis; among these, achalasia and peptic stric-
tures may also be included.

   The radiologic appearance is morphologi-
cally similar in all cases of esophageal stenosis: 
an important esophageal dilation followed by a 
threadlike narrowing. The site of the stricture 
can be useful to reach a fi rst differential diagno-
sis. It has been seen how the three different forms 
of congenital cause have different favorite 
localizations. 

 The ectopic cartilaginous tissue is found in 
more than 90 % of cases in the lower third of the 
esophagus and especially near the cardia; fi bro-
muscular stenosis is more frequently found 
between the middle and the lower third with a 
predilection for the proximal part of the latter; in 
achalasia instead, by defi nition, the stenotic por-
tion is always located in the cardia. 

 A fi rst rough differentiation between the three 
types of CES can be made by examining the 
patient. Symptoms caused by tracheobronchial 
remnants and fi bromuscular stenosis are typical 
in early infancy, while those caused by achalasia 
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usually occur later in school age; also peptic 
stricture typically affects older children. When 
radiographic examination is not able to identify 
the diagnosis, an  endoscopic study  can highlight 
the main characteristics of the lesion. The direct 
vision of the section affected by a peptic stricture 
will show an infl amed area also above the steno-
sis; the endoscopic images, associated with medi-
cal history and evaluation of symptoms, lead to 
the correct diagnosis. Regarding other types of 
stenosis, correct diagnosis can be made in the 
course of endoscopic examination, based on the 
ease or otherwise to overcome the restricted por-
tion by the endoscope. 

 In case of achalasia, the cardia can be passed 
by the endoscope, forcing it kindly, and a mild 
dilation can be obtained, albeit only temporarily. 
In the presence of fi bromuscular stenosis, the 
endoscope cannot exceed the stenotic tract that 
can be dilated with special probes. In ectopic car-
tilaginous ring, the direct vision does not allow 
the differential diagnosis, but the attempt to dilate 
the narrow tract is usually unsuccessful, and this 
causes the operator to desist. In case of cardia 
localization of fi bromuscular stenosis, differential 
diagnosis with achalasia becomes more diffi cult 
and in some cases impossible even after endos-
copy. Even if most of the patients’ endoscopic 
examination can lead to diagnosis, further infor-
mations can be obtained with a manometric 

examination. Also the outcome of dilations can be 
used as a diagnostic criterion: in case of achalasia, 
improvement will only be transitional, while it 
will be present and often progressive in case of 
congenital stenosis sensitive to expansion. 

  Endoscopic ultrasonography  (EUS) is a use-
ful tool in differential diagnosis between the 
three types of congenital stenosis. In particular, 
EUS is able to evidence the presence of cartilage 
which is diffi cult to be seen with CT scan or 
MRI. EUS is available for pediatric patients from 
2001, and recently, a 3D miniprobe has been used 
to obtain multiplanar and oblique views of the 
stenosis [ 7 – 9 ]. 

8.5.1     Therapy 

 The fi rst-line treatment of CES is dilation. It can be 
performed with hydrostatic balloon probe or with 
Savary-Gilliard bougie. There is no strong evidence 
on which is the better technique, and the choice 
depends on the expertise of each center. Jones et al. 
reported advantages of balloon dilation because of 
radial and localized force applied by the baloon, 
rather than axial shearing force applied on stenosis 
by the bougie [ 10 ]. On the other hand, Romeo et al. 
reported a higher risk of perforation with balloon 
dilation affi rming that bouginage seems safer [ 9 ]. 
An endoscopic check after dilation is mandatory, 
and in case of deep mucosal laceration, an esopha-
gogram is recommended. 

 Whatever the technique chosen, the dilations 
are usually performed every 15 days until reach-
ing a stable esophageal caliber. The subsequent 
dilations are established on the basis of clinics, 
age, and results obtained on each patient. 

 Some authors reported success in endoscopic 
electrocauterization or partial resection of muco-
sal web added to dilations [ 11 ,  12 ]. 

 Fibromuscular stenosis and mucosal web usu-
ally respond successfully to dilations, while in 
case of cartilaginous remnant or dilation failure, 
it is necessary to undergo surgery (Fig.  8.2 ).

   In these cases, the treatment of choice is the 
resection of the stenotic tract followed by end-to- 
end anastomosis (Fig.  8.3 ) and eventual fundopli-
cation if the stenosis is closed to gastroesophageal 

  Fig. 8.1    Congenital stenosis of the distal third of the 
esophagus       

 

8 Congenital Esophageal Stenosis



142

junction [ 2 ,  13 ]. The stricture can be identifi ed 
externally by palpation or with the use of a cath-
eter placed preoperatively. Maeda and Saito 
reported two patients affected by tracheobron-
chial remnant treated with circular extramucosal 
myectomy at the stenotic level followed by suture 
of the esophageal wall. This technique allows 
extirpation of the cartilage and muscular disar-
rangement avoiding lumen opening [ 14 ,  15 ].

8.6         Complications and Outcome 

 The most serious complication is surely the 
esophageal perforation whose reported incidence 
varies widely (from 10 to 44 %) [ 9 ]. The treat-
ment in these cases is initially conservative with 
fasting, nasogastric tube, and parenteral nutri-
tion. In severe cases, segmental replacement of 
the esophagus may be necessary [ 13 ]. 

 Despite various therapeutic options that could 
obtain a resolution of the stricture from a morpho-
logical point of view, a substantial proportion of 
patients (approximately 30–60 %) continues to 
complain of dysphagia [ 7 ]. This suggests that these 
patients should be followed up for a long time.     
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      Achalasia and Esophageal 
Motility Disorders                     

     Olivier     Reinberg    

9.1          Etiology and Pathogenesis 

 Esophageal achalasia (EA) is a rare functional 
motility disorder of the esophagus of unknown 
origin, characterized by abnormal motility of the 
body of the esophagus associated with delayed or 
absent relaxation of the lower esophageal sphinc-
ter (LES), inducing stasis in the esophagus with 
subsequent dilatation. 

 Sir Thomas Willis described the disease in 
1674 [ 1 ]. He did the fi rst mechanical dilatation 
for achalasia, using an orally inserted cork-
tipped whalebone. In 1881, Mikulicz described 
the disease as a cardiospasm, i.e., the symp-
toms were due to a functional problem rather 
than a mechanical one. Ernst Heller realized 
the fi rst myotomy to release the symptoms in 
1914 [ 2 ]. The procedure done by Heller was an 
anterior and a posterior myotomy. However it 
is still named after him, even if the procedure 
today differs. In 1929, Hurt and Rake realized 
that the disease was caused by a failure of LES 
to relax and coined the term achalasia (i.e., 
failure to relax). 

 The highest incidence in adults is between the 
fourth and seventh decades. Children count for 
5 % of all cases of achalasia; thus it is an uncom-
mon condition in pediatric population, appearing 

in 0.1–1/100,000 annually between 7 and 13 
years of age. However today, progresses make 
diagnosis earlier than before. Our youngest 
patient was 1.1 year old [ 3 – 9 ]. 

 The etiology is unknown. Achalasia is 
believed to be an acquired functional esophageal 
motility disorder. However its physiopathology 
remains unclear, and possibly there are several 
forms of the disease with different etiologies 
including primary disorder of the esophagus and 
“partial” achalasia. This could explain that the 
results of treatments are not as good as expected. 
Several studies have suggested that the genetic 
background may have a role in the pathogenesis 
[ 10 ]. It could be an autoimmune disease, geneti-
cally determined, then triggered by viral 
( Herpes ), bacterial, or parasitic (Chagas’ dis-
ease caused by  Trypanosoma cruzi ) infections 
resulting in a loss in inhibitory neurons of myen-
teric plexus [ 11 ,  12 ]. In some patients it could be 
malformative very similar to Hirschsprung’s 
disease. The genetic theory is supported by the 
high frequency of congenital anomalies or asso-
ciated syndromes such as the Down syndrome, 
the Allgrove syndrome (AAA syndrome, 
addisonianism- alacrima- achalasia), the congen-
ital central hypoventilation syndrome, the 
Rozycki syndrome (deafness, vitiligo, esopha-
geal achalasia), and the Hirschsprung disease 
[ 10 ,  13 – 16 ]. Achalasia is frequent in siblings or 
can be familial with an autosomal recessive 
mode [ 10 ,  17 ,  18 ]. It is frequently associated 
with an eosinophilic esophagitis. 

        O.   Reinberg       
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 However, this explains only partially the 
pathogenesis. Histology, electron microscopy, 
and immunohistochemistry provide answers. The 
Italian Camillo Golgi (1843–1926) invented the 
fi xation and tissue stainings with methylene blue 
and silver impregnation. Thanks to this, the 
Spanish Santiago Ramon y Cajal (1852–1934) 
described the neuron and the organization of the 
central nervous system. They got together the 
Nobel Prize of Medicine for that in 1906. In 
1911, Cajal, searching for a neural network to 
study, simpler than the brain, used the rabbit 
small intestine to fi nd interstitial cells he believed 
to be the end cells of the sympathetic nervous 
system. His drawings of what we call after him 
the Interstitial Cells of Cajal (ICC) are still accu-
rate. ICC can be studied due to electron micros-
copy and immunohistochemical staining for 
c-Kit [ 19 ]. 

 The ICC are related to intestinal pacemaker 
activity [ 20 ]. However the esophagus has very 
few ICC associated with the myenteric plexus but 
has abundant intramuscular ICC (ICC-IM) dis-
persed throughout the circular and longitudinal 
muscle layers. ICC-IM are thought to be involved 
in pacemaking and slow-wave propagation in the 
stomach [ 20 ]. Three types of ICC have been 
described: the ICC-MY, ICC-IM, and ICC-SEP 
[ 20 – 23 ]. They are located, respectively, in the 
myenteric plexus between the circular and longi-
tudinal muscle layers, within the muscle layers 
and within the septa between the circular muscle 
bundles. ICC are most frequent in the esophageal 
part of the LES but rare in the gastric part. The 
absence or reduction in the number of ICC causes 
abnormal electrical slow waves with a decreased 
contractility of smooth muscle cells, resulting in 
a diminished intestinal transit. Impaired produc-
tion of nitric oxide (NO) and vasoactive intestinal 
peptide (VIP) affects both ICC and muscles thus 
inhibiting relaxation of the LES as it has already 
been suggested in intestinal pseudo-obstruction 
and Hirschsprung’s disease [ 19 ,  24 ]. Anomalies 
of the ICC have been evocated in diseases such as 
idiopathic gastric perforation, hypertrophic 
pyloric stenosis, intestinal pseudo-obstruction, 
meconium ileus, and Hirschsprung’s disease [ 21 , 
 25 ]. Thus debated, ICC involvement in achalasia 

is highly probable [ 19 ,  21 ]. What is known today 
is that patients with achalasia have a loss of 
myenteric plexus and enteric neurons; a loss in 
number and modifi cations of the ultrastructure of 
the ICC, being replaced by fi brosis or infl amma-
tion (“plexitis”); and no immunoreactivity for 
VIP [ 19 ,  26 ,  27 ]. 

 Because of the relatively low incidence of the 
disease in children, our knowledge is based on 
small series or extrapolated from adult studies. 
We ignore if achalasia in children differs from 
that in adults. For instance, esophageal manome-
try has allowed better description of esophageal 
primary disorders in children such as partial 
achalasia with various clinical conditions [ 28 ]. 
Unfortunately, no clinical or manometric features 
can differentiate the patients who present a favor-
able outcome under medication from those 
requiring surgery. 

 In addition, the environment could play a role 
that is not known yet. So achalasia appears to be 
a multifactorial and multimodal disease that 
remains partially understood.  

9.2     Diagnosis and Pretreatment 
Work-Up 

9.2.1     Symptoms 

 Achalasia can be diffi cult to recognize because 
there may be nonspecifi c symptoms that may 
include feeding aversion, failure to thrive, non-
specifi c regurgitation suggestive of gastroesopha-
geal refl ux (GER), and respiratory symptoms. 
The diagnosis is often delayed. 

 The most common complain is dysphagia. 
Children progressively refuse food intake, and 
then have special vomitings whose content is 
related to undigested previous meals. Dysphagia 
begins with solids but can reach the point where 
liquids cannot be absorbed (paroxysmal dyspha-
gia). They complain retrosternal pains and pyro-
sis. Their relatives notice fetor. Secondary signs 
are dehydration, failure to thrive, and weight loss. 
Due to aspirations, respiratory symptoms (cough 
and repeated pneumonia) are often present [ 5 , 
 7 – 9 ,  29 ].  
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9.2.2     Upper Gastrointestinal 
Contrast Study 

 The most common investigations performed in 
children are upper gastrointestinal contrast 
study (UGI) and manometry. The use of barium 
should be avoided in case of aspiration, and 
hydrosoluble contrasts should be preferred for 
the UGI. X-ray studies classically demonstrate 
a dilated esophagus that ends with “bird’s 
beak” like tapering of the distal esophagus. The 
presence or the absence of esophageal contrac-
tions on serial views should be mentioned 
(Fig.  9.1 ).

   Even if the esophagogram study alone with 
all the classical signs can be pathognomonic, as 
the disease is not clearly understood and as 
many variations may occur, it is wise to confi rm 
the achalasia with an esophageal manometry 
[ 30 ].  

9.2.3     Esophageal Manometry 

 Esophageal manometry should be performed fol-
lowing the recommendations of the North 
American Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition (NASPGHAN) [ 31 ], 
the American Gastroenterological Association 
[ 32 ], and other experts [ 29 ,  33 ,  34 ]. However, the 
adult recommendation to use a continuously per-
fused low-compliance system should not be fol-
lowed in infants as it may provide an unacceptable 
amount of water in the esophagus. Thus minia-
ture strain-gauge pressure transducers mounted 
within thin pediatric catheters should be pre-
ferred. Manometries should not be done under 
sedation, but we place the catheter using inhaled 
equimolecular mixture of oxygen and nitrous 
oxide (EMONO, equivalent of MEOPA) [ 35 ,  36 ]. 

 Elevated resting LES pressure 
(>22 ± 10 mmHg), absent or low-amplitude peri-

  Fig. 9.1    Upper gastrointestinal contrast study showing a dilated esophagus that ends with “bird’s beak” and the 
absence of esophageal contractions on serial views       
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stalsis, or non-relaxing LES upon swallowing 
(relaxation rate <90 %) are diagnostic fi ndings on 
esophageal manometry in children [ 4 ,  6 ,  17 ,  37 ]. 
However, the absence of some of these fi ndings 
does not rule out the diagnosis of achalasia as 
LES function in children is heterogeneous. Partial 
relaxations are common, and normal LES relax-
ations after wet swallows may also be present on 
manometries [ 29 ]. Only 4.2 % patients had all 
four common manometric features (elevated LES 
pressure, abnormal LES relaxation, aperistalsis, 
increased intraesophageal pressure) for achalasia 
in Agrawal’s study (children and adults). Most of 
the 72 patients of his series had elevated increased 
intraesophageal pressure, elevated LES relaxation 
pressure, normal LES pressure, and low baseline 
impedance. The resting LES pressure can be nor-
mal in up to 40–70 % of achalasia patients [ 30 ].  

9.2.4     Intraluminal Impedancemetry 

 Intraluminal impedancemetry (IIM) allows intralu-
minal measurements of electric impedance between 
several closely arranged electrodes during bolus 
passage. Impedance is inversely proportional to 
conductivity. When a highly conductive material is 
present inside the esophagus, the impedance 
decreases, i.e., with refl ux, and increases with air. 
Combined multichannel IIM and esophageal 
manometry offers the ability to evaluate the rela-
tionship between esophageal contraction and bolus 
transit during the same swallow [ 30 ,  38 ]. Impaired 
bolus fl ow for liquid and viscous is found in most 
patients with  achalasia as a translation of the aperi-
stalsis of the esophagus. Thus, those combined 
investigations are useful to ensure achalasia and to 
understand the behavior of the esophagus.  

9.2.5     High-Resolution Manometry 
(HRM) 

 The recently introduced high-resolution manom-
etry (HRM) enlarges diagnostic investigations in 
esophageal dysmotility and may replace conven-
tional manometry. However, the experience with 
using HRM in children is limited [ 39 ,  40 ]. HRM 
combines improvements in pressure-sensing 

technology with a greatly increased number of 
pressure sensors. In conventional manometry, 
the pressure sensors are spaced at 3–5 cm inter-
vals. In HRM, 36 sensors are spaced at 1 cm and 
distributed longitudinally and radially along the 
probe. This allows simultaneous pressure 
recording in the esophagus. During swallow, the 
movements and pressure are recorded giving a 
topographic and cinematic view of the pressures 
in the esophagus from UES to LES. Pressure 
magnitude is encoded in color, conventionally in 
red for high pressures and blue for low [ 41 ]. 

 This technique discriminates between differ-
ent types of achalasia according to the LES but 
also to the intraesophageal pressure and move-
ments. Thereby, achalasia has been classifi ed 
into three types based on esophageal motility 
but helps to describe many other esophageal 
motility disorders as well (The Chicago 
Classifi cation [ 42 ]). It provides an algorithmic 
scheme for diagnosis of esophageal motility 
disorders. Type I is characterized by the failed 
relaxation of the LES and 100 % failed peristal-
sis; Type II involves failed relaxation of the 
LES with no normal peristalsis and panesopha-
geal pressurization with ≥20 % of swallows; 
Type III, or spastic achalasia, associates failed 
relaxation of the LES, with preserved fragments 
of distal peristalsis or premature (spastic) con-
tractions with ≥20 % of swallows. Many other 
esophageal motility disorders are described 
such as distal esophageal spasm, hypercontrac-
tile esophagus, and absent peristalsis and statis-
tically defi ned peristaltic abnormalities (weak 
peristalsis, frequent failed peristalsis, rapid 
contractions with normal latency, and hyperten-
sive peristalsis). This Chicago classifi cation has 
occasionally been used in children [ 39 ]. 

 This technique contributes to better under-
stand the variations of the outcomes after differ-
ent treatments, as it appears that achalasia is not a 
unique pathology but that this term covers differ-
ent diseases.  

9.2.6     Endoscopy 

 Some authors use endoscopy only in case of 
unclear diagnosis. However, as others, we believe 

O. Reinberg



149

performing systematically an upper endoscopy is 
reasonable to rule out esophagitis,  Trypanosoma 
cruzi , and other secondary causes of achalasia, 
eventually with biopsies [ 43 ]. In some cases we 
found food impactions fi lling the esophagus (like 
a fecaloma in the esophagus) that was not easy to 
empty. Once done, there was such an important 
underlying esophagitis that we postponed the sur-
gery to give time to the infl ammation to decrease 
and avoid perforation when doing the myotomy. 

 The Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES) provides guide-
lines on esophageal achalasia. The recommenda-
tions are that patients with suspected achalasia 
should undergo an UGI, an upper endoscopy, and 
an esophageal manometry to confi rm the diagno-
sis, with strong evidences (level 3+) according to 
the GRADE system [ 44 ].   

9.3     Treatments of Achalasia 

 As the pathogenesis of the disease remains 
unknown, no etiological therapy is available. 
Treatments focus on relief of symptoms by 
reducing the functional obstruction caused by a 
non- relaxing LES, in the hope that can restore 
esophageal emptying and peristalsis. They 
include medications, chemical paralysis of the 
LES, mechanical or pneumatic dilatations, and 
endoscopic or surgical esophagomyotomies 
with or without fundoplications. Because of the 
low incidence of the disease in children, treat-
ments are based on small case series or extrap-
olated from adult studies. To date, there is no 
prospective randomized trial in the pediatric 
literature on achalasia, and a meta-analysis on 
seven retrospective reports is not conclusive 
due to the heterogeneity of the study designs 
and the various methods of treatment used both 
within and between studies [ 45 ]. Unfortunately 
adequate comparative data are lacking to deter-
mine the ideal treatment of pediatric achalasia. 

9.3.1     Medications 

 Medications should be used sublingually because 
of the unpredictability of absorption if orally 

given. Nifedipine, a calcium channel blocker, 
inhibits the transmembrane calcium infl ux in car-
diac and smooth muscle and has been primarily 
used to release the LES in adults, with effi ciency 
between 13 and 19 % [ 46 ,  47 ]. It should be given 
10–30 mg sublingually 30–45 min before meals 
in adults [ 44 ]. 

 Other substances have been used in adults: 
long-acting nitrates (isosorbide dinitrate) and 
phosphodiesterase-5 inhibitors (sildenafi l). 
There are few reports of short series on the use of 
nifedipine in children but with good results [ 48 ]. 
However the benefi ts are temporary, and the 
treatment cannot be used for long-lasting ther-
apy due to secondary effects (orthostatic hypo-
tension, headaches) occurring in 30 % of patients. 
However, it can be used as a bridge to relieve 
symptoms until another treatment is undertaken. 

 The SAGES recommendations are that medi-
cations play a very limited role in the treatment 
of achalasia and should be used in very early 
stages of the disease, temporarily before more 
defi nitive treatments, or for patients who fail or 
are not candidates for other treatment modalities 
with strong evidences (level 4+) according to the 
GRADE system [ 44 ].  

9.3.2     Botulinum Toxin 

 Botulinum toxin is a potent neurotoxin that 
inhibits the release of acetylcholine at presynap-
tic terminals of motor neurons. It is endoscopi-
cally injected into the LES in the four quadrants 
[ 49 ]. Botulinum toxin has been used as diagnos-
tic and therapeutic purposes. In children, the dose 
and the timing of injection frequency have not 
been well defi ned. Its effect is temporary, and the 
mean duration of symptom relief is 4 months in 
children, thus requiring repeated treatments [ 50 ]. 
In the 2014 Cochrane database, 80 % of patients 
experienced an immediate relief of their symp-
toms, but the recurrence rate was 60 % within a 
year [ 47 ,  51 ]. In the SAGES statements, 85 % of 
patients were initially improved, but the effect 
diminished over time (50 % at 6 months and 30 % 
at 1 year), and universal symptomatic relapse 
occurred at 2 years [ 44 ]. In case of failure, these 
patients need surgical treatments. They are the 
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most diffi cult cases for the surgeons as the 
infl ammation induced by the toxin evolves 
toward a fi brosis between the mucosa and the 
muscular layers with a subsequent increased risk 
of perforation [ 43 ,  44 ].  

9.3.3     Dilatations 

 The aim of dilatations is to mechanically enlarge 
the LES. This can be done either using pneumatic 
dilatations or with bougies as the Savary-Gilliard 
bougies (M. Savary was our Chief of ENT in 
Lausanne, Switzerland) under general anesthesia 
in children. Both are endoscopically placed over 
a guidewire under fl uoroscopic guidance. In both 
techniques, even under view control, passing the 
LES with the guidewire can be diffi cult in those 
cases where it is fi rmly tight. When using balloon 
dilatators, a radial pressure is performed on the 
LES that some authors thought to be better than a 
longitudinal direction of dilatations as done with 
the other method. When using balloon dilata-
tions, it can be diffi cult to control the strength of 
expansion when the balloon infl ates suddenly. 
For this reason, Savary’s technique is softer and 
more progressive. Our belief is that all different 
techniques should be available and adapted to 
each case and dilatation. Multiple dilatations are 
often required [ 52 ]. The choice of dilator size is 
based on the size of the child. The sizes range 
from 12 to 35 mm [ 6 ,  45 ,  53 ,  54 ] The greater 
number of sessions per child varies from two to 
fi ve [ 45 ]. 

 Dilatations bear an immediate risk of perfora-
tion estimated at 2.4 % (0.5–5.6 %) [ 53 ,  55 ,  56 ], 
and 50 % or more of these patients with perfora-
tions required emergency surgery [ 57 ]. In addi-
tion, the release of the LES may induce a 
gastroesophageal refl ux disease (GERD). 

 In the Cochrane database (children and 
adults), the initial release of symptoms was 70 %, 
and 40–50 % of patients remained asymptomatic 
after a year and several dilatations [ 47 ]. Hamza 
has reported a 90 % success rate in children 
treated with multiple pneumatic dilatations [ 54 ]. 
After dilatations, 61 % of patients were asymp-
tomatic at 5 years of follow-up and 47 % at 10 

years [ 55 ,  56 ]. These results are worse than those 
after surgery (see below). No long-term follow-
 up studies after dilatations are available for chil-
dren. The advantages of dilatations are a shorter 
length of stay and decreased costs [ 53 ]. 

 Many adult studies compare the effects of 
dilatation with laparoscopic Heller myotomy 
(LHM), with an advantage for the surgery on 
short- and long-term follow-up [ 57 ,  58 ]. The 
same results have been reported in pediatric 
series [ 6 ]. Some authors advocate for dilatations 
in older children suffering achalasia as safe and 
effective initial treatments thus avoiding sur-
gery [ 53 ,  54 ,  59 ]. However, surgery after dilata-
tions has an increased risk of perforation due to 
scarring adhesions between the mucosa and the 
muscle layers, not as high as after botulinum 
toxin but higher than if done as a fi rst 
procedure. 

 The SAGES recommends dilatations as the 
most effective nonoperative treatment. However, 
it is associated with the highest risk of complica-
tions. It should be considered in selected patients 
who refuse surgery or are poor operative candi-
dates with strong evidences (level 4+) according 
to the GRADE system [ 44 ].  

9.3.4     Peroral Endoscopic Myotomy 
(POEM) 

 POEM is a new endoscopic technique for acha-
lasia introduced by Inoue in 2008 [ 60 ]. It is one 
of the applications of the natural orifi ce translu-
minal endoscopic surgery (NOTES) concept. 
Under endoscopic vision, a mucosal incision is 
performed ≈ 15–20 cm above the LES. Then a 
submucosal tunnel is done downward to allow 
an endoscopic section of the muscular layers. At 
the end of the procedure, endoscopic clips are 
placed on the mucosal wound. To date, more 
than 3000 patients have been operated, and the 
number of publications is increasing. Some 
small pediatric and adolescent series have been 
reported, all but one including less than ten cases 
[ 61 – 64 ], the latest with 27 cases [ 65 ]. The 
youngest operated child was 3, suffering severe 
growth retardation, achalasia, and Down’s syn-
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drome [ 66 ]. Li gives a detailed description of the 
pediatric procedure with references for the 
equipments [ 63 ]. The selected cases had no pre-
vious treatment, and the reported problems are 
related to fi rm adhesions between the mucosa 
and the muscle. Caldaro has published a com-
parative study in children receiving nine LHM 
vs nine POEM with no conclusive results, but 
the series is very small [ 62 ]. 

 In adults, there are 16 % reported minor com-
plications and 3 % severe but nonfatal, as to men-
tion: emphysema, pneumothorax (0.2 %), 
pneumoperitoneum (8.3 %), bleedings (1 %), 
leaks 0.2 %, and prolonged hospital stay >5 days 
(1 %) [ 67 ]. 

 The results seem good with 82–100 % imme-
diate relief of symptoms, but the longest follow-
 up published is 16–24 months [ 67 – 69 ]. The mean 
GERD rate is 35 % (limits 15–46 %). In the pedi-
atric series by Chen, during the follow-up period 
of 24 months, 19.2 % patients develop a GERD 
[ 65 ]. A randomized study with a 6 months fol-
low- up reports no difference between LHM and 
POEM [ 67 ]. However LHM has been shown to 
provide more durable symptom relief [ 70 ] and 
additionally could result in less post-intervention 
GER [ 71 ].  

9.3.5     Surgeries 

9.3.5.1     Heller Myotomy 
 The Heller myotomy is performed today doing 
an anterior incision of the muscular layers of the 
esophagus, approximately 5 cm above the esoph-
agogastric junction and carried onto the gastric 
wall by 2–3 cm. Laparoscopic Heller myotomy 
(LHM) is the treatment of choice in adults and in 
children giving advantages of less pain, better 
cosmesis, shorter hospital stay, and faster return 
to normal activity [ 37 ,  43 ,  59 ,  72 – 74 ]. A survey 
concerning 64 pediatric centers worldwide done 
by Myers in 1994 could only conclude that “car-
diomyotomy performed by the abdomen gives 
best results” [ 75 ]. The highly debated point is 
whether it is necessary or not to add a fundoplica-
tion to reduce the occurrence of iatrogenic 
GERD. 

 The HLM in children is performed under gen-
eral anesthesia. We set the child supine at the foot 
end of the table, the legs being wrapped in the 
“frog position” for infants or extended on stir-
rups, with the knees slightly fl exed by 20–30° in 
children and adolescents. The table is tilted to a 
30° reverse Trendelenburg position. The surgeon 
stands at the foot of the table, facing the hiatus. A 
transumbilical port is inserted according to the 
Hasson technique for a 5 mm × 30° angulated 
telescope. We work with three ports (3 or 5 mm 
according to the age), the right upper one for an 
atraumatic liver retractor and the two remaining 
ones for the working instruments. The cardio-
phrenic membrane is opened anteriorly. The 
anterior face of the esophagus is freed by 5–8 cm 
according to the patient’s size. The anterior vagus 
nerve is identifi ed and mobilized so that the 
myotomy can be done high up on the esophagus 
beneath the nerve. We do not dissect the esopha-
gus posteriorly, so we do not surround the esoph-
agus with a traction loop. Traction is applied on 
the stomach below the esophagogastric junction 
using a Babcock clamp, to expose the anterior 
part of the distal esophagus. The myotomy is 
started on the esophagus just above the gastro-
esophageal junction with an incision in the ante-
rior muscular wall down to the mucosa. Usually 
the mucosa separates easily from the muscular 
layers, if there have been no previous treatment 
with botulinum toxin or dilatations. The muscu-
lar section is done according to the surgeons’ 
preference with scissors, with a monopolar hook, 
with a sealing-cutting device (LigaSure® LS 
1500 Dolphin Tip or Maryland laparoscopic 
instrument by Covidien), or with a harmonic dis-
sector (Ultracision® by Ethicon). A great care 
should be taken to lift up the muscle from the 
mucosa when using a monopolar hook or a har-
monic dissector as those instruments heat and 
can perforate. The muscular incision must be 
undertaken down on the anterior face of the stom-
ach by 2–2.5 cm. The transition from esophageal 
to gastric muscle fi bers can be seen as they 
change from a horizontal circular orientation to 
an oblique one and are more adhered to the 
mucosa. This ensures having been enough down-
ward. It is mandatory to check the integrity of the 
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mucosa after the myotomy. This can be done 
using instilled water, air, or methylene blue in the 
esophagus at the level of the myotomy or better, 
as we do, performing a peroperative endoscopy 
for both perforation and adequacy of the myot-
omy. In case of a tear in the mucosa, an attempt 
of suture can be done, and we leave a suction 
probe at the level of the leak for a few days. Then 
according to the surgeon’s preferences, an anti- 
refl ux wrap can be built. 

 Antibiotics are not given routinely. Without 
perforation, the child is orally fed in the operative 
day or the next one. Some authors perform sys-
tematically an UGI to check the integrity of the 
esophagus before discharging the child [ 9 ,  37 ]. 
We do not. 

 The Cochrane review and other studies report 
good initial results after LHM, with 88–97 % 
relief of symptoms [ 44 ,  47 ,  51 ,  76 ]. This improve-
ment appears to be long lasting. However, 79 % 
of patients remain asymptomatic after 5 years of 
follow-up and 76 % at 10 years [ 44 ,  55 ,  56 ]. 

 Complications of surgery are related to perfo-
rations and GERD. Perforation rates occur from 
0 to 15 % in large series [ 72 ,  77 ,  78 ]. Most of 
them heal spontaneously if recognized. In their 
comparative adult series, Weber and Chen have 
evidenced a higher risk of perforation with LHM 
(4.8 %) than with dilatations (2.4 %). However it 
should be noticed that the rate of reoperations 
was far smaller in the LHM group (0.6 %) than in 
the dilatation (2.4 %) as most of the perforations 
due to dilatations have been ignored whereas the 
one done under LHM are immediately identifi ed 
and treated [ 55 ,  56 ]. 

 The rate of perforation rises signifi cantly dur-
ing a redo procedure ranging from 4.7 to 30 % 
[ 58 ]. Several studies have suggested an increased 
risk of perforations during LHM up to 28 %, after 
previous endoscopic treatment (botulinum toxin 
or balloon dilatations). Reversely, other studies 
found no association between preoperative endo-
scopic treatment and perforations. The warning 
from the SAGES is that previous endoscopic 
treatment for achalasia may be associated with 
higher myotomy morbidity, but the literature is 
inconclusive. Then a careful approach by an 
experienced team is advisable [ 44 ].  

9.3.5.2     Anti-refl ux Procedures 
 A fundoplication can be added to prevent GERD 
following Heller myotomy. Whether it should be 
done, and with which wrap, is one of the most 
debated points among surgeons. Several authors 
don’t believe it necessary, including in children 
[ 72 ,  79 ]. If done, several anti-refl ux procedures 
can be used: a total fundoplication (loose 360° 
Nissen) [ 77 ,  80 ], a partial posterior 270° wrap 
(Toupet) [ 57 ,  81 ], or an anterior 180° wrap (Dor 
or Thal) [ 6 ,  37 ,  43 ,  74 ]. 

 Several adult studies have compared the LHM 
with and without anti-GER procedure with an 
advantage for the combined procedure summa-
rized by Tsuboi [ 57 ]. The 2012 guidelines of the 
SAGES also strongly recommended a combina-
tion of laparoscopic myotomy with anti-refl ux 
surgery [ 44 ]. They did not precise which type of 
procedure is the best, as long as it is a partial one. 
The circular fundoplication (i.e., the Nissen) 
should be avoided because of the risk of persis-
tence and/or recurrence of the disease. 

 The most effi cient anti-GER is the Nissen. 
However, even a loose Nissen applies a pres-
sure on an LES that we wanted to release [ 9 , 
 72 ]. When doing a Toupet, the two rows of 
stitches of the 270° wrap are tied to the edges of 
the myotomy. Those who advocate for a Toupet 
believe that it helps to keep the myotomy open. 
On the other hand, a Toupet leaves the anterior 
mucosa exposed without coverage. Finally, 
both the Nissen and the Toupet require poste-
rior dissections of the hiatus, which is not the 
case with an anterior wrap that preserves the 
periesophageal ligaments. In addition the ante-
rior wrap protects the uncovered esophageal 
mucosa. 

 In a randomized controlled study on 144 
adult patients followed up during 125 months, 
Rebecchi determined that laparoscopic Dor fun-
doplication after a LHM was superior to Nissen 
fundoplication because the recurrence rate of 
dysphagia was signifi cantly higher in patients 
who received a Nissen fundoplication (15 %) 
than a Dor (2.8 %) [ 80 ]. However, as Franklin 
we wonder if recurrence of the dysphagia is a 
failure of the surgical treatment or is related to 
the nature of disease [ 37 ]. A pediatric multi-
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center prospective study, published by Rawlins 
and involving 85 children followed up for 36 
months, compared LHM and Dor or Toupet 
showing no difference of the De Meester scores 
at pH-metries performed 6 and 12 months post-
operatively. The conclusion was that “LHM pro-
vides signifi cant improvement in dysphagia and 
regurgitation symptoms in achalasia patients 
regardless of the type of partial fundoplication” 
[ 82 ]. 

 Laparoscopic surgery for esophageal achala-
sia provides symptomatic improvement, but 
some patients have a poor outcome. It can be 
related to the surgery (insuffi cient myotomy, too 
tight wrap, too lose wrap with subsequent 
 esophagitis) thus requiring redo procedure. 
Esposito suggested that the experience contrib-
utes to decrease the rate of complications since 
their incidence of postoperative dysphagia 
dropped from 50 to 16 % with further experience 
[ 74 ]. Patients with severe preoperative dyspha-
gia, aperistalsis, or esophageal dilatation have 
greater risks of a poor outcome [ 81 ]. Favorable 
factors in adults are the short duration of the 
symptoms without previous use of botulinum 
toxin [ 83 ]. An initial LES pressure >35 mmHg 
had more than 21 times the likelihood to achieve 
excellent dysphagia relief after myotomy as com-
pared with those with an LES pressure 
≤35 mmHg [ 84 ]. 

 High-resolution manometry (HRM) has evi-
denced that there might be several types of acha-
lasia and esophageal dysmotility including in 
children who may have primary dysmotility and 
“partial” achalasia [ 28 ,  32 ,  47 ]. To date, no inves-
tigation has a predictive value. However, several 
studies have evaluated the treatment outcome by 
type on HRM. The analysis found that Type II 
had the greatest therapeutic response (95.3 %), 
followed by Type I (85.4 %), and then Type III 
(69.4 %) [ 32 ,  85 – 87 ]. Thus, possibly Type III is 
another misunderstood form of the disease for 
which a new treatment should be developed. Very 
recently Sodikoff has reported a correlation 
between HMR types of achalasia and the immu-
nohistological fi ndings on surgical biopsies of 
the muscularis propria obtained from 46 patients 
during LHM [ 27 ].    

9.4     Long-Term Follow-Up 
and Cancer 

 Chronic irritation of the esophageal mucosa 
increases the risk of squamous cell carcinoma 
and/or adenocarcinoma. Long-lasting achalasia 
increases 16 times the risk of developing a can-
cer. Due to residual GERD and poor peristalsis, 
the risk persists even after (surgical) treatment 
[ 88 ]. The risk of both squamous cell carcinoma 
and adenocarcinoma of the esophagus is believed 
to be signifi cantly increased in patients with 
achalasia; however the absolute excess risk is 
small [ 89 ]. Leeuwenburgh has statistically evalu-
ated the risk of cancer in non-treated achalasia vs 
treated by dilatations. The conclusion was that 
Barrett’s esophagus is incidentally diagnosed in 
untreated achalasia patients despite high LES 
pressures but is more common after successful 
treatment, especially in the presence of hiatal her-
nia. Patients treated for achalasia should be con-
sidered for GERD treatment and surveillance of 
development of Barrett’s esophagus, in particu-
lar, when they have low LES pressures and a hia-
tal hernia [ 90 ]. Thus, some authors recommend to 
perform repeated endoscopies since the second 
decade [ 76 ]. However, given limited data and 
confl icting opinions, it is unknown whether con-
sensus regarding screening practices in achala-
sia among experts exists. Ravi created a 
worldwide survey distributed to 28 experts to 
assess screening practices in achalasia. While 
82 % of experts endorsed long-term follow-up of 
patients, no consensus was found regarding its 
timing [ 91 ]. 

   Conclusions 

 The pathogenesis of esophageal achalasia is 
not elucidated, and the pathogenic mechanism 
is not understood. Many questions remain 
unanswered. We don’t know why we have a 
depletion of ICC and could this possibly be 
responsible for the lack of LES relaxation, 
because of missing inhibitory neurotransmis-
sion. Does achalasia in children differ from 
adults? Are biopsies with c-Kit staining of 
predictive value? The answers to these ques-
tions will help to promote optimal treatment in 
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the future. At the moment, the LHM has 
become a good option for the treatment of 
achalasia. It gives symptomatic improvement 
to the majority of patients but not complete 
resolution of their disease.      
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Laryngotracheal Clefts

Lluís Nisa and Kishore Sandu

10.1  Introduction

Laryngotracheal clefts (LTC) constitute a rare 
cause of congenital upper airway malforma-
tion. First described in a doctoral dissertation 
on unavoidable causes of neonatal death in the 
eighteenth century by Richter, LTC incidence is 
estimated to be around 1 in 10,000–20,000 live 
births, accounting for 0.2–1.5 % of all congeni-
tal laryngeal anomalies [1, 2].

The presenting signs and symptoms as well as 
the age of diagnosis largely depend on the type of 
cleft (Table 10.1) as well as the eventual presence 
of associated malformations. Moreover, it has 
been previously pointed out that the actual inci-
dence of LTC may be highly underestimated [3]. 
Potential reasons for this include asymptomatic 
or pauci-symptomatic disease especially in type I 
clefts, difficulties in endoscopic diagnosis mostly 
related to physician’s unawareness, and immedi-
ate mortality in high-grade clefts without post-
mortem diagnosis. Furthermore, since LTC often 

occurs in a context of polymalformative disor-
ders, endoscopic diagnosis may not be the prior-
ity in many cases [4, 5].

From an embryologic perspective, the larynx 
develops from endodermic tissues (which in turn 
derive from the primitive gut) as well as mesen-
chymal tissues derived from the IV–VI branchial 
arches. Toward the fourth week of development 
begins the midline fusion which is meant to lead 
to the separation of the digestive (esophageal) 
and respiratory (tracheal) axes. This fusion pro-
cess takes place in the caudal to cranial direction 
[3]. The esophagus elongates and reaches its final 
relative length toward the seventh week. LTCs 
are pathological clefts thought to be the result of 
a closure failure between the tracheal and esoph-
ageal axes during embryogenesis, but despite the 
explanatory power of this theory, it is important 
to point out that it has been challenged as it does 
not allow explaining the origin of other patho-
logical entities such as isolated tracheoesopha-
geal fistulae.

10.2  Diagnostic Aspects

10.2.1  Grading

Several grading classifications for LTCs have 
been proposed, primarily based on the craniocau-
dal extent of the cleft. Such classifications are 
mainly descriptive, help in therapeutic choices, 
and have to some degree prognostic value. The 
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most widely used classification is the one pro-
posed by Benjamin and Inglis in 1989 [3]. 
Benjamin’s classification was modified and 
updated by Sandu and Monnier [2] in 2006, in 
order to introduce parameters with therapeutic 
and prognostic implications previously over-
looked (Table 10.1).

Unlike previous classifications, Sandu and 
Monnier introduce type 0 clefts (“occult” or more 
accurately submucosal), which appear as a con-
sequence of a posteriorly defective cricoid carti-
lage accompanied by the absence of transverse 
interarytenoid muscles [6]. Type I clefts are man-
ifest interarytenoid clefts with the absence of 
interarytenoid muscles which do not involve at 
all the cricoid cartilage. Type II clefts extend par-
tially through the cricoid cartilage. By definition, 
type III and type IV clefts extend above and 
below the thoracic inlet, respectively. Sandu and 

Monnier’s classification pays particular attention 
to two specific features in these severe forms of 
disease: (1) whether the cricoid plate is partially 
or completely involved by the LTC in type III 
clefts and (2) whether the cleft is supra- or infra-
carinal in type IV LTCs (Fig. 10.1).

10.2.2  Clinical Presentation

The classical diagnostic triad of LTC consists of 
husky cry, aspiration pneumonia, and swallow-
ing disorders in a newborn child with associated 
congenital anomalies [7]. While such scenario 
should immediately prompt active search for 
LTC, disease spectrum can often complicate 
and delay LTC diagnosis. Indeed, LTCs are con-
genital laryngotracheal disorders which can 
present as submucosal closure defect in the 
mildest cases versus complete laryngotracheo-
esophageal clefts (LTEC) in some other severe 
cases. Breathing difficulties are typically due to 
prolapsing of retroarytenoid mucosa caused by 
the absence of the aerodigestive party wall and 
obstruction of the posterior respiratory glottis 
(Fig. 10.2). Therefore, presenting signs and 
symptoms related to LTC may vary depending 
on disease severity [7, 8].

LTCs without involvement of the posterior 
cricoid plate (type 0 and I) may be asymptomatic 
or in the case of type I clefts present with mild 
occasional episodes of aspiration, hoarse cry, 
aspiration, cough, or in some cases dyspnea or 
cyanosis during feeding [8–10]. Due to their rar-
ity, diagnosis of type 0 and I clefts requires a 
high-suspicion index.

Regarding clefts with cricoid (with or without 
tracheal involvement), the outstanding issue is 
severe aspiration and subsequent lower pulmo-
nary tract infection, as well as respiratory prob-
lems in some cases [9, 11]. Finally, type IV LTCs 
have a dim prognosis due to respiratory distress, 
poor airway tone, and difficulties to maintain a 
patent airway even when using invasive proce-
dures [11–13]. Table 10.2 summarizes the clini-
cal presentation of LTCs [14].

Table 10.1 Classification of laryngotracheal clefts

Benjamin and Inglis 
(1989) Sandu and Monnier (2006)

Type Description Type Description

I Supraglottic cleft 0 Submucosal cleft
I Interarytenoid cleft 

with the absence of 
the interarytenoid 
muscle

II Cleft with partial 
cricoid 
involvement

II Posterior cleft 
extending partially 
through the cricoid 
plate

III Cleft beyond the 
cricoid cartilage 
with involvement 
of the cervical 
trachea

IIIa Posterior cleft 
extending down to 
the inferior border of 
the cricoid plate

IIIb Posterior cleft 
extending into the 
cervical trachea, but 
not beyond the 
sternal notch

IV Involvement of 
thoracic trachea

IVa Laryngotracheal cleft 
extending into the 
intrathoracic trachea 
to the carina

IVb Intrathoracic 
extension of the cleft 
involving one main 
bronchus
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10.2.3  Radiologic Studies

While the mainstay of LTC diagnosis is endoscopic 
(discussed below), some imaging exams may be 
contributive. Plain chest X-ray is often performed 
in children with persistent respiratory symptoms, 
whether or not such symptoms are secondary to an 
underlying LTC. Patients with LTC may present 
aspiration pneumonia or peribronchial cuffing, but 
chest X-ray is normal in up to 25 % of type I and 
around 10 % of type II LTCs [15].

Modified barium swallow (MBS) performed 
under the supervision of a speech and swallowing 
pathologist, testing diverse food consistencies, 
may help identifying patients with discoordinated 
swallow or aspiration. It has been previously 

pointed out that aspiration in an otherwise healthy 
child most often correlates with an underlying 
anatomic abnormality [16].

It is important to keep in mind that children 
with an undiagnosed LTC presenting with swal-
lowing disorders may have undergone several 
MBSs in the past, and the cumulative radiation 
dose can be substantial.

10.2.4  Functional Endoscopic 
Evaluation of Swallowing 
(FEES)

FEES provides an extremely accurate dynamic 
assessment of the laryngeal function during swal-
lowing. FEES is usually possible in children older 
than 1 year but is otherwise difficult to perform in 
younger children. During FEES, several food 
consistencies should be tested. Hypopharyngeal 
stasis and/or laryngeal penetration may be visual-
ized in cases of early-stage LTCs [17].

Like MBS, FEES can be normal in children 
with grade I cleft with only intermittent aspiration.

TYPE I TYPE II TYPE IIIa TYPE IIIb TYPE IVa TYPE IVb

a b c d e f

Fig. 10.1 LTC classification according to Sandu and Monnier

Fig. 10.2 Airway obstruction secondary to arytenoid 
prolapse and mucosal invagination into the trachea

Table 10.2 Clinical presentation of LTCs

Feature Incidence (%)

Aspiration 53–80
Chronic cough 27–35
Stridor 10–60
Weak voice/cry 16
Salivary stasis in the pharynx 10–23
Aspiration pneumonia 16–54
Neonatal asphyxiation 33

10 Laryngotracheal Clefts
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10.2.5  Endoscopic Diagnosis

Definitive LTC diagnosis relies on endoscopic 
examination. Due to the high incidence of associ-
ated malformations, complete endoscopy of the 
upper aerodigestive tract is mandatory, and 
should include:

• Transnasal fiberoptic laryngoscopy, performed 
with the patient under spontaneous breathing. 
The entire airway is examined dynamically 
from the nostrils to the bronchi. The glottis 
ought to be sprayed with local anesthesia in 
order to examine the lower airway. In case the 
child bears a tracheotomy, the canula is 
removed intermittently during ventilation to 
facilitate comprehensive dynamic airway 
examination. Typically, LTC is associated with 
varying degrees of tracheobronchomalacia due 
to the absence of the trachealis muscle.

• Direct laryngoscopy and esophagoscopy:
 – Laryngoscopy must be performed using an 

anesthesia Macintosh spatula as well as 0°, 
30°, and 70° telescopes, prior to airway 
intubation.

 – Suspension laryngoscopy in order to evaluate 
the morphology of the glottis and assess the 
posterior commissure using a Lindholm vocal 
fold retractor allows the diagnosis of a sub-
mucosal or small type I cleft. Palpation of the 
interarytenoid region using a blunt probe is 
the hallmark to the diagnosis of an LTC 
(Fig. 10.3). The probe dips down into the pos-
terior commissure in the presence of a cleft. 
The lower limit of the probe and simultane-
ous visualization by a telescope gives an idea 
regarding the cleft depth and thus its type.

 – The esophagus and stomach are equally 
examined, paying particular attention to 
the presence of an eventual tracheoesopha-
geal fistula [4, 18], GER, and microgastria 
(may be associated in type IV clefts).

Associated airway findings in LTC include:

• Narrowed interarytenoid distance with pro-
lapsing retroarytenoid mucosa that blocks the 
posterior respiratory glottis

• Paramedian position of the vocal folds
• Interarytenoid erythema
• Mucosal cobblestoning (secondary to gastro-

esophageal reflux)

10.3  Management

The therapeutic approach to the child with LTC 
largely depends on the extent of the cleft, severity 
of clinical manifestations, and associated or 
underlying disorders. All decisions should be 
taken in consultation with the parents and in the 
context of a multidisciplinary team, especially in 
children with severe comorbidities (such as car-
diac, respiratory, etc.). In symptomatic patients, 
within the period between diagnosis and eventual 
surgical management, two issues stand out: respi-
ratory and swallowing disorders.

Type 0 and I LTCs without respiratory symp-
toms may benefit of regular follow-up and even-
tually prophylactic-intermittent antibiotherapy in 
order to prevent pulmonary complications of 
recurrent pneumonia. Most of these patients are 
likely to require surgery at some point in their 
lives for chronic intractable aspiration. Type II 
clefts present with feeding difficulties and quasi-
systematically require surgical management. 

Fig. 10.3 The use of a blunt-angled probe to diagnose an 
LTC
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Type III and type IV LTCs may quickly degrade 
from a respiratory point of view, imposing 
 oxygen therapy and pharyngeal aspiration tubes. 
The degree of invasiveness of oxygenotherapy 
may vary from nasal administration of oxygen to 
invasive ventilation (i.e., endotracheal tubes and 
even tracheostomy).

With respect to swallowing disorders, 
 measures to avoid tracheobronchial aspiration 
and GERD must be considered a priority. 
Tracheobronchial aspiration in advanced-type 
LTCs represents a serious and immediate threat 
to the vital prognosis and consequently requires 
aggressive management approaches. More spe-
cifically, LTCs of type I and II require medical 
anti-GERD treatment and thickened food. More 
severe cases may impose suspension of oral feed-
ing and enteral administration through a nasal or 
a gastrostomy tube, or even parenteral nutrition 
in case of longer clefts.

In summary, even though the management of 
LTCs is far from being consensual, there is some 
agreement that children with type I clefts 
may benefit from a trial of medical management 
and regular follow-up, while longer clefts (with 
cricoid involvement) require early surgical 
approaches to avoid the pulmonary complica-
tions of aspiration [7, 15, 17, 19]. Furthermore, a 
minimally invasive endoscopic approach has 
become standard for the management of types I, 
II, and IIIa (and even selected IIIb) LTCs, while 
major types IIIb and IV clefts most often require 
open approaches [2, 15, 20–22]. Open approaches 
are equally indicated as salvage for failed 
attempts of endoscopic repair.

10.3.1  Endoscopic Repair

Since the late 1970s, various endoscopic 
approaches have been successfully used primar-
ily for types I and II clefts [25]. Injection laryn-
goplasty using different products (Gelfoam, 
bioplastic) has been reported [26, 27]. Endoscopic 
repair has progressively become the standard of 
care for types I and II clefts that remain symp-
tomatic despite adequate medical treatment after 
an observation period of 4–6 months [14, 16, 17].

Sandu and Monnier reported a small series of 
patients with types IIIa and IIIb LTCs managed 
endoscopically [2]. In their reported experience 
carbon dioxide laser is used in ultrapulse mode to 
incise the cleft from caudal to cranial direction – 
cleft apex up to the cuneiform cartilages. The 
CO2 laser is a precise cutting tool giving a blood-
less field and causes no mucosal charring. Two 
layers of mucosae are created: laryngotracheal 
and pharyngoesophageal. Starting caudally, a set 
of inverted Vicryl 5.0 sutures are placed on the 
tracheal aspect of the cleft and the knots tied fac-
ing the pharyngoesophageal side. The second 
mucosal layer is sutured in similar fashion in dis-
tal to proximal direction with knots facing the 
esophagus while gradually withdrawing the sus-
pension laryngoscope (Fig. 10.4). The procedure 
is performed under spontaneous respiration and 
without endotracheal intubation. At the end of the 
procedure, it is important to maintain an adequate 
posterior commissure and avoid posterior glottic 
stenosis (Fig. 10.5). Special endoscopic suturing 
instruments are a must and their role needs 
emphasis. The details of such instruments are 
described in related articles [2].

The advantages of the endoscopic repair are:

• The surgeon is axial to the larynx and gets 
the best view of the cleft. This is important 
so as to achieve a meticulous closure of the 
cleft and avoid excessive crowding of 
mucosa into the airway lumen and thus its 
obstruction.

• Maintains stability of the laryngotracheal 
framework.

10.3.2  Open Surgical Approaches

Several open surgical techniques for the repair of 
LTCs exist, depending on their extent. All 
approaches require a layer-by-layer closure of 
the cleft (esophageal and tracheal). The use of 
interposition material to reinforce the closure has 
been suggested by some authors (tibial perios-
teum, auricular cartilage, sternocleidomastoid 
muscle flap, fascia temporalis, or costal cartilage) 
[20, 22–24].
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a b c d

Fig. 10.4 Endoscopic closure of LTC: (a) Type IIIb LTC 
and the use of CO2 laser to create two mucosal layers, 
laryngotracheal and pharyngoesophageal. (b) Vicryl 5.0 is 
used to suture the inner laryngotracheal layer from caudal 
to cranial, with the knots tied toward the esophageal side. 

(c) Caudo-cranial suturing of the pharyngoesophageal 
layer. (d) End of the two-layer LTC closure. Note that in 
the end, we should have an adequate posterior commis-
sure and avoid a posterior glottic stenosis

a b c

Fig. 10.5 Endoscopic closure of LTC – post-LTC repair 
endoscopy: (a) Placement of naso-esophageal suction 
catheter and injection of dilute methylene blue. (b) Avoid 
excessive spillage of the colored solution and airway soil-

ing. (c) Simultaneous endoscopic visualization of the lar-
ynx and trachea shows complete healing of the LTC and 
no residual fistula
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Cervical approaches differ in cases of extra- 
and intrathoracic LTCs and can be summarized 
as follows:

 1. Extrathoracic LTEC
The surgery begins with a nasotracheal intu-

bation using a soft Portex blue line ET tube. 
Surgery begins with a horizontal neck incision 
and separating the pre-laryngeal strap muscles 
in the midline. The thyroid isthmus is divided 
and retracted. An extended laryngotracheofis-
sure is performed dividing the anterior com-
missure exactly in the midline (Fig. 10.6a, b). 
The posteriorly placed laryngeal cleft is identi-
fied. The edges of the cleft are incised to create 
two layers: pharyngoesophageal and laryngo-
tracheal depending on the cleft extension 
(Fig. 10.6c). These layers are then sutured 
independently in between tissue interpositions, 
using perichondrium, tibial periosteum, or rib 

cartilage graft that can be sutured to the splayed 
posterior cricoid plate similar to a posterior car-
tilage expansion graft (Fig. 10.6d). To calibrate 
the endolaryngeal reconstruction, Monnier’s 
LT mold stent can be used temporarily.

 2. Intrathoracic LTEC
The repair is done under cardiopulmonary 

bypass or extracorporeal membrane oxygen-
ation (ECMO) [7]. The long cleft is 
approached by a longitudinal incision along 
the right tracheoesophageal groove from the 
origin of the right main bronchus up to the 
level of the cricoid cartilage. A long laryngo-
tracheofissure causes severe airway frame-
work instability and is hence avoided. The 
right lateral esophageal wall is dissected in 
the groove, and the common tracheoesopha-
geal space is entered. The objective of dis-
secting and mobilizing the right esophageal 
wall is to use this mucosa to reconstruct the 

a b

c d

Fig. 10.6 Open repair of LTC. (a) Anterior extended 
laryngofissure. (b) Dissection in the right tracheoesopha-
geal groove and (c) esophageal mucosa flipped over to the 
left that is used to reconstruct the posterior trachea. (d) A 

posterior costal cartilage graft is sutured into the cricoid 
defect. In addition, a small Monnier’s LT mold is inserted 
for temporary airway calibration
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posterior tracheal wall after identifying and 
incising the left tracheoesophageal cleft 
mucosa. The rest of the esophageal mucosa is 
rotated and sutured on to the left side. The 
trachea and esophagus are sutured longitudi-
nally up to the cricoid. The laryngeal part of 
the cleft is then approached by laryngofis-
sure. The posterior laryngeal cleft is identi-
fied and sutured as described above along 
with tissue interposition. A small LT mold 
(avoiding excess contact pressure on the 
suture line) is inserted to calibrate the airway 
and the laryngofissure closed. The LT mold is 
removed endoscopically at a later date.
Ideally and if possible, a tracheostomy is to 

be avoided in LTC management as it destabi-
lizes the tracheal framework, erodes the poste-
rior suture line of repair, and can potentially 
lead to severe tracheomalacia – albeit to say, it 
has to be done as per the patient requirements 
and for oxygenotherapy [19, 22]. In long LTC 
repairs, a well-fixed nasotracheal tube is pre-
ferred during the immediate postoperative 
period.

10.3.3  Transcervical Approach Using 
Cricotracheal Separation

Propst and Rutter [29] described a technique to 
repair a type IV LTC. The long cleft is approached 
transcervically, without sternum split and with-
out deploying ECMO or a cardiopulmonary 
bypass (Fig. 10.7). The surgery is performed 
under spontaneous total intravenous anesthesia. 
An angioplasty balloon catheter is passed into the 
stomach and inflated, so as to avoid gastric insuf-
flation by anesthesia gases and oxygen during the 
entire intervention. The surgery begins as 
described earlier up to exposing the laryngotra-
cheal framework. The cricoid cartilage and the 
trachea are transected at the first tracheal ring. 
The dissection is continued posteriorly to iden-
tify the long LTC. Recurrent laryngeal nerves are 

not identified. The trachea is then peeled off from 
the esophagus up to the lower end of the cleft. A 
complete laryngofissure is performed, and the 
splayed cricoid is reconstructed using a rib carti-
lage. Proximal pharyngoesophageal and laryngo-
tracheal mucosae are flipped across each other to 
close above the posterior cricoid and reaching the 
interarytenoid region. The front of the esophagus 
is sutured in the caudal to cranial direction. The 
excess of esophageal mucosa is used to recon-
struct the posterior tracheal wall. The back of the 
trachea is then sutured in a similar fashion up to 
the cricoid cartilage. At this stage, the trachea is 
reconnected to the cricoid. The authors note the 
following advantages with this technique – 
improved visibility, access, airway stability, and 
coverage of the anastomosis with interpositional 
sternal periosteum – permitting a three-layer 
closure.

10.4  Associated Disorders

As previously mentioned, LTCs are often a mani-
festation of a larger spectrum of developmental 
disease and therefore are often embedded in a 
context of associated congenital malformations 
(Table 10.3). The most common comorbidities 
are esophageal atresia, considered to occur in 
20–37 % of cases of LTCs, while various midline 
malformations including craniofacial and heart 
malformations would occur in around 10 % and 
16–33 % of the cases, respectively [3, 19]. The 
co-occurrence of LTC and tracheoesophageal fis-
tula is estimated to be between 10 and 15 % [28].

As mentioned above, complete digestive and 
respiratory examination is essential given the 
number of cases with associated malformations. 
LTCs can equally occur in a number of syn-
dromic contexts, especially Opitz-Frias syn-
drome, Pallister-Hall syndrome, DiGeorge 
syndrome, CHARGE syndrome, and VACTERL 
association (Table 10.4).

Genetic counseling is a must in such cases.
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10.5  Prognosis

The outcome of LTCs depends on several factors, 
mainly cleft extent and associated comorbidities 
[22]. Early diagnosis and active prevention of 
lower airway infection and GER equally have an 
impact on disease progression. Longer clefts are 
associated with syndromic anomalies and comor-
bidities and carry a poor prognosis. The mortality 
rate of LTCs was around 50 % in the 1980s (43 % 
for types I and II, 42 % for type III, and 93 % for 
type IV) – but more recent series report rates of 
6–25 % [19].

a b c d e

Fig. 10.7 Open repair (transcervical approach with cri-
cotracheal separation): (a) Trachea transected from the 
cricoid at the first tracheal ring. (b) Trachea peeled off 
from the esophagus. (c) Complete laryngofissure and clo-
sure of the pharyngeal and laryngeal mucosae. An inter-

positional costal cartilage graft is used to reconstruct the 
splayed cricoid defect. (d) Repair of the back of the tra-
chea and front of the esophagus. (e) Trachea is recon-
nected with the cricoid

Table 10.3 Most common associated malformations

System Malformations

Head and face Cleft lip and palate, 
micrognathia, glossoptosis, 
microtia, hypertelorism, and 
choanal atresia

Respiratory Tracheoesophageal fistula, 
tracheomalacia, hyaline 
membrane disease, irregularities 
in size and shape of lower 
airways

Gastrointestinal Esophageal atresia, duodenal 
atresia, imperforated anus, 
intestinal malrotation

Cardiac Aortic coarctation, great vessel 
transposition, double outlet right 
ventricle, patent ductus 
arteriosus, and septal defects

Genitourinary Renal malformations, 
hypospadias, and inguinal 
hernia

10 Laryngotracheal Clefts
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      Esophageal Atresia 
and Tracheoesophageal Fistula                     

     Arnold     G.     Coran     ,     Steven     W.     Bruch    , and 
    Shaun     M.     Kunisaki   

      Esophageal atresia (EA) with or without tracheo-
esophageal fi stula (TEF), a defect occurring in about 
1 in 3000 live births, remains a challenging problem 
for pediatric surgeons [ 1 ]. Since Cameron Haight 
performed the fi rst successful primary anastomosis 
in 1941 [ 2 ], survival rates have improved due to 
refi nements in surgical technique and advances in 
neonatal care. In 1994, Spitz predicted survival 
based on birth weight (greater or less than 1500 g) 
and associated complex anomalies usually cardiac in 
nature [ 3 ]. Spitz reexamined this in 2006 and found 
that survival for babies without cardiac anomalies 
and weighing more than 1500 g was 98.5 %, similar 
to that in 1994. However, survival rates improved 
from 59 to 82 % in babies born less than 1500 g or 
had a major cardiac anomaly over this time. And 
during this same period, survival rates improved 
from 22 to 50 % in babies who were born less than 
1500 g and had a major cardiac anomaly [ 4 ]. Using 
the Kids’ Inpatient Database (KID) in 2014, Brindle 
calculated the odds ratio for signifi cant predictors of 
inhospital mortality in babies born with EA and 
TEF. Table  11.1  describes the risk factors with their 

associated scores, and Table  11.2  shows the mortal-
ity stratifi ed by risk factor scores [ 5 ].

11.1        Anatomy 

 An understanding of the anatomy involved with 
each case of EA and TEF is important when 
devising a treatment strategy. There have been 
several classifi cation systems, but a description 
of each type is the easiest and most practical way 
to classify the fi ve different types of EA and TEF 
as shown in Fig.  11.1 . The most common confi g-
uration is EA with a distal TEF. This confi gura-
tion occurs in 86 % of cases [ 6 ]. The proximal 
esophagus ends blindly in the upper mediasti-
num. The distal esophagus is connected to the 
tracheobronchial tree usually just above or at the 
carina. The second most common type is the iso-
lated EA without a TEF. This confi guration occurs 
in 8 % of cases [ 6 ]. The proximal esophagus ends 
blindly in the upper mediastinum, and the distal 
esophagus is also blind ending and protrudes a 
varying distance above the diaphragm. The dis-
tance between the two ends is often too far to 
bring together shortly after birth. The third most 
common confi guration, occurring in 4 % of cases 
[ 6 ], is a TEF without EA. The esophagus extends 
in continuity to the stomach, but there is a fi stula 
between the esophagus and the trachea. The fi s-
tula is usually located in the upper mediastinum 
running from a proximal orifi ce in the trachea to 
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   Table 11.1    Odds ratio for signifi cant predictions for 
mortality   

 Risk factor  Odds ratio  Risk points 

 Birth weight <1500 g  9.05  9 
 Chromosomal abnormality  5.80  6 
 Major cardiac anomaly a   2.68  3 
 Renal anomaly  1.89  2 

  CNS and GI abnormalities did not contribute to mortality 
  a Major cardiac anomaly defi ned as all other than PDA or ASD  

   Table 11.2    Mortality stratifi ed by risk factor scores   

 Risk score 
 % of EA TEF 
population  % mortality 

 Low risk (0–6)  86.3  4.4 
 Intermediate risk 
(7–14) 

 12.0  33.8 

 High risk (15–20)  1.7  67.5 

86 %
Most common
abnormality

a 8 %
Atresia alone,
no fistula
Small stomach,
gasless abdomen
Usually long gap

b 1 %
Proximal and
distal fistulae

c

1 %
Proximal tracheo-
esophageal fistula
No distal fistula
Small stomach,
gasless abdomen
Often long gap

d 4 %
No esophageal
atresia
Congenital tracheo-
esophageal fistula

e

  Fig. 11.1    Types of esophageal atresia and tracheoesoph-
ageal fi stula with rates of occurrence. ( a ) Esophageal atre-
sia with distal tracheoesophageal fi stula. ( b ) Isolated 
esophageal atresia. ( c ) Esophageal atresia with proximal 

and distal tracheoesophageal fi stulas. ( d ) Esophageal atre-
sia with proximal tracheoesophageal fi stula. ( e ) H-type 
tracheoesophageal fi stula       
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a more distal orifi ce in the esophagus. This is also 
known as an “H”-type or “N”-type TEF. Two 
more forms of EA and TEF exist, both of which 
occur about 1 % of cases [ 6 ]. These are EA with 
both proximal and distal TEF and EA with a 
proximal TEF. These two forms correspond to the 
fi rst two forms described with the addition of a 
proximal fi stula between the upper pouch and the 
trachea. A proximal fi stula is often diffi cult to 
diagnose preoperatively even when bronchos-
copy is performed, resulting in the real incidence 
being higher than previously reported [ 7 ]. Again 
the EA with proximal TEF, similar to its counter-
part without the proximal fi stula, will have a long 
gap between the two ends of the esophagus, mak-
ing it diffi cult to repair shortly after birth.

11.2        Associated Anomalies 

 As noted earlier, prematurity and associated car-
diac and chromosomal anomalies often deter-
mine the outcome of a baby with EA and 
TEF. Babies with EA and TEF are often born pre-
maturely due in part to the polyhydramnios 
resulting from fetal esophageal obstruction [ 8 ]. 
Recent series revealed a mean gestation age of 
36.5 weeks with 3.5 % being born between 24 
and 29 weeks estimated gestation age (EGA), and 
38.3 % between 30 and 36 weeks EGA [ 9 ], and a 
birth weight of 2500 g [ 10 ]. Up to two thirds of 
EA and TEF babies have one or more associated 
anomalies that are usually chromosomal or 
related to the VACTERL association [ 9 ,  11 ]. The 
VACTERL association includes abnormalities in 
the following areas:  v ertebral,  a norectal,  c ardiac, 
 t racheal,  e sophageal,  r enal, and  l imb. A break-
down of the individual incidences of the anoma-
lies in babies with EA and TEF is presented in 
Table  11.3  [ 9 ]. The VACTERL syndrome requires 

three or more of these abnormalities and occurs 
in up to 33 % of babies with EA and TEF [ 9 ]. 
Chromosomal abnormalities occur in 5 % and 
include trisomies 13, 18, and 21 [ 12 ]. Other syn-
dromes associated with EA and TEF include the 
Feingold syndrome, CHARGE syndrome, 
anophthalmia-esophageal- genital (AEG) syn-
drome, Pallister-Hall syndrome, Opitz syndrome, 
and Fanconi’s anemia [ 13 ]. Infants with EA and 
TEF also have a higher incidence of pyloric ste-
nosis compared to the normal population [ 14 ].

11.3        Clinical Presentation 
and Diagnosis 

 Prenatal diagnosis of EA remains diffi cult with 
only 16–32 % of babies born with EA and TEF 
having the diagnosis before delivery [ 15 ,  16 ]. 
The use of fetal ultrasound to screen for polyhy-
dramnios and a small or absent stomach followed 
by MRI looking for a dilated upper esophageal 
pouch for confi rmation can lead to a correct diag-
nosis of EA and TEF in 66.7 % of those suspected 
[ 17 ]. The majority of babies diagnosed prior to 
delivery will have pure EA as it is more diffi cult 
to diagnose EA with a distal TEF [ 16 ,  18 ]. The 
vast majority of cases of EA and TEF are initially 
diagnosed shortly after birth with inability to 
handle saliva and episodes of coughing, choking, 
and cyanosis, especially with the fi rst attempt to 
feed. This usually leads to the placement of a 
tube in the esophagus, which meets resistance. 
Plain fi lms of the chest and abdomen will show 
the tube coiled in the upper mediastinum. This 
confi rms the presence of esophageal atresia. If 
there is gas in the distal bowel, a distal TEF is 
present, while a pure EA will present with a 
gasless abdomen. The remainder of the preopera-
tive evaluation targets the associated anomalies 
and looks to determine the presence of a proxi-
mal fi stula between the trachea and the esopha-
gus. The VACTERL anomalies can be identifi ed 
using physical exam (limb and anorectal), plain 
fi lms (tracheal, esophageal, vertebral, and limb), 
abdominal ultrasound (renal and a tethered spinal 
cord), and an echocardiogram (cardiac). The 
position of the aortic arch needs to be identifi ed 
during the echocardiogram. If a right-sided arch 

   Table 11.3    Incidence of associated anomalies with EA 
and TEF   

 Associated anomalies  Occurrence (%) 

 Vertebral  25.4 
 Atresia, anorectal, and duodenal  16.3 
 Cardiac  59.1 
 Renal  21.8 
 Skeletal  6.4 
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is present, which occurs in 2–6 % of series [ 19 ], 
evaluation with a CT scan or an MR angiogram 
will fi nd a complete vascular ring 37 % of the 
time [ 20 ]. A chromosome analysis should also be 
considered. A proximal pouch fi stula can be 
interrogated in two ways. A pouchogram, or con-
trast evaluation of the proximal esophageal 
pouch, will often reveal a proximal fi stula if pres-
ent. An experienced radiologist should perform 
this exam with 1 or 2 ml of contrast material to 
decrease the risk of aspiration. Rigid bronchos-
copy looking for a proximal fi stula just prior to 
surgical repair is often used in conjunction with 
the pouchogram. During the dissection of the 
proximal pouch, the surgeon should always look 
carefully for a proximal fi stula. If the proximal 
pouch is not thick walled and dilated, there may 
be a proximal fi stula that has relieved the usual 
distending pressure in the proximal pouch. A 
TEF without EA (H-type fi stula) may not present 
in the initial neonatal period and is more diffi cult 
to diagnose. The tube will go into the stomach 
when originally passed, but persistent coughing 
and choking with feeds by mouth should prompt 
a search for an isolated fi stula. A prone pullback 
esophagram and bronchoscopy with esophagos-
copy are used to identify the isolated fi stula.  

11.4     Treatment 

 After the diagnosis is confi rmed, plans for opera-
tive repair should be made. In healthy newborns, 
the operation can take place within the fi rst 24 h of 
life to minimize the risk of aspiration and resulting 
pneumonitis. Before the operation, the baby should 
be kept supine with the head elevated 30–45°. A 
tube should be in the proximal pouch to constantly 
suction saliva and prevent aspiration. Intravenous 
access should be established and fl uids instilled 
along with perioperative antibiotics and vitamin K. 

 The goal of operative therapy for EA and TEF 
is to establish continuity of the native esophagus 
and repair the fi stula in one setting. Most of the 
time, primary repair can be achieved. There are 
special situations where this may not be possible 
or advisable. These situations will be described 
later. In the usual scenario, the baby, who is stable 
both hemodynamically and from a pulmonary 

standpoint, is brought to the operating room and 
placed under a general anesthetic. Rigid bronchos-
copy may be performed to locate the distal fi stula, 
usually at or near the carina, look for a proximal 
fi stula or cleft, and assess for tracheomalacia. The 
baby is then placed in the left lateral decubitus 
position in preparation for a right posterolateral 
thoracotomy. If the preoperative echocardiogram 
reveals a right-sided aortic arch, which occurs in 
2–6 % of cases, the repair should be approached 
from the left chest [ 19 ,  21 ]. Attempting to bring 
the ends of the esophagus together over a right-
sided aortic arch results in a high anastomotic leak 
rate in the range of 40 % due to increased tension 
[ 22 ]. The preoperative echocardiogram identifi es 
a right-sided aortic arch correctly in 20–62 % of 
the cases [ 20 ,  22 ]. A right-sided arch discovered 
intraoperatively should prompt an attempt at 
repair of the esophagus through the right chest. If 
this cannot be completed due to tension, divide the 
fi stula, close the right chest, and complete the 
anastomosis through a left-sided thoracotomy. 

 In the typical case, a right-sided posterolat-
eral thoracotomy using a muscle-sparing, retro-
pleural approach gives access to the mediastinal 
structures. An extrapleural axillary approach 
provides another option to gain exposure. The 
azygos vein is divided, revealing the tracheo-
esophageal connection. The distal esophagus is 
divided, and the tracheal connection is closed 
with 5-0 monofi lament suture. Manipulation of 
the distal esophagus is minimized to protect the 
segmental blood supply to this portion of the 
esophagus. The proximal esophagus has a rich 
blood supply coming from the thyrocervical 
trunk and may be extensively dissected as 
depicted in Fig.  11.2 . The dissection of the upper 
esophageal pouch proceeds on the thickened 
wall of the esophagus to prevent tracheal injury. 
Dissection is carried as high as possible to gain 
length for a tension-free anastomosis and to look 
for a proximal fi stula, which occurs rarely. A 
single-layered end-to-end anastomosis is per-
formed as depicted in Fig.  11.3 . A tube placed 
through the anastomosis into the stomach allows 
decompression of the stomach and eventual 
enteral feeding. A chest tube placed in the retro-
pleural space next to the anastomosis controls 
any subsequent leak. Some surgeons prefer not 
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to use a chest tube if the pleura remains intact. 
The advantage of a retropleural approach is that 
if the anastomosis leaks, the baby will not soil 
the entire hemithorax and develop an empyema. 

A leak into the retropleural space will result in a 
controlled esophagocutaneous fi stula that will 
almost always close spontaneously.

    Since the fi rst thoracoscopic repair of EA by 
Lobe in 1999, this approach has become increas-
ingly popular [ 23 ]. Visualization of the posterior 
mediastinum depends on patient position and cre-
ation of a pneumothorax. The baby is placed in a 
semi-prone position elevating the right chest 
about 30°. The camera trocar avoids competing 
with the working ports by being placed just poste-
rior to the scapula tip in the fi fth intercostal space. 
The two working ports are then placed two inter-
spaces above the midaxillary line and one to two 
interspaces below and slightly posterior to the 
camera port. This allows the instruments to meet 
at a 90° angle at the site of the anastomosis [ 24 ]. 
Insuffl ation of CO 2  gas at a fl ow of 1 L/min and a 
pressure of 4 mmHg provides an adequate work-
ing space. The improved visualization allows for 
a precise division of the fi stula at the membranous 
portion of the trachea and an extensive mobiliza-
tion of the proximal fi stula up into the neck while 
preserving the recurrent laryngeal nerves. Suture 
placement proves to be the biggest challenge 
especially when the ends of the esophagus are 
brought together under tension. Advantages of 
the thoracoscopic approach include better cos-
metic results, improved musculoskeletal function 
of the thorax, and improved visualization. 
Disadvantages include a steep learning curve 
even for those with excellent thoracoscopic skills, 

Branches
of inferior

thyroid artery

Bronchial
branches

Aortic
esophageal
branches

Ascending
branch of
left gastric
artery

Branches
of inferior

phrenic
artery

  Fig. 11.2    The vascular supply of the esophagus in esoph-
ageal atresia and tracheoesophageal fi stula       

a
b c

  Fig. 11.3    Single-layer end-to-end esophageal anastomo-
sis. ( a ) Corner sutures are placed. ( b ) Posterior row 
sutures are placed. A tube is then passed through the 

 anastomosis into the stomach. ( c ) Anterior row sutures 
complete the anastomosis       
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diffi culty in small (<2,000 g) infants or in neo-
nates with signifi cant cardiac or pulmonary dis-
ease, and the potential impact of elevated pCO 2 , 
acidosis, and cerebral hypoperfusion from pro-
longed carbon dioxide pneumothorax [ 25 ]. A 
meta-analysis comparing thoracoscopic and open 
repair of EA with or without TEF found no differ-
ence in leakage rate or anastomotic strictures 
[ 26 ]. 

 Postoperatively, the baby is returned to the 
intensive care unit and continued on intravenous 
nutrition and antibiotics. Special care should be 
directed toward preventing aspiration with fre-
quent oropharyngeal suctioning and elevation of 
the head of the bed 30–45°. Feedings may be 
started through the transanastomotic tube into the 
stomach 2–3 days after the operation. Acid- 
suppressive therapy should be instituted to pre-
vent acid irritation of the anastomosis and 
subsequent stricture. On postoperative day 5–7, 
an esophagram is obtained to check the integrity 
of the anastomosis. Feeds are initiated orally, and 
if there is no leak clinically or radiographically, 
the chest tube is removed. If a leak is present, it is 
treated conservatively with intravenous antibiot-
ics, nutrition, and chest tube drainage. Another 
esophagram is ordered in a week. These leaks 
will invariably close without further operative 
intervention [ 27 ]. Only a complete disruption of 
the anastomosis requires further operative proce-
dures. In that case the proximal esophagus should 
be brought out of the left neck as a cervical 
esophagostomy, the distal esophagus should be 
tied off, and the mediastinum and chest should be 
adequately drained.  

11.5     Special Situations 

 Three unique situations require different tactics: 
babies with EA and TEF with concomitant respi-
ratory insuffi ciency where the fi stula contributes 
to the ventilator compromise, long-gap EA, and 
H-type TEFs. Babies with respiratory insuffi -
ciency and a TEF are usually premature neonates 
with lung immaturity requiring signifi cant venti-
latory support. The connection between the tra-
chea and the distal esophagus may be the preferred 

path for air provided by the ventilator. The stiff 
lungs have a higher resistance than the fi stulous 
tract, allowing a signifi cant portion of each inspi-
ratory volume to go into the distal esophagus and 
then the stomach, resulting in abdominal disten-
tion and elevation of the hemidiaphragms, further 
impeding ventilation. Various strategies have 
been developed to deal with this situation. A 
change to high-frequency ventilation decreases 
the portion of tidal volume lost to the fi stula [ 28 ]. 
A number of techniques designed to prevent ven-
tilation through the fi stula have been proposed: 
advancing the endotracheal tube past the fi stula 
opening [ 29 ], bronchoscopically placing and 
infl ating Fogarty catheters for temporary occlu-
sion [ 30 ], and temporarily occluding the esopha-
gus at the gastroesophageal junction [ 31 ]. If a 
gastrostomy tube is present, the tube can be 
placed to underwater seal to increase the resis-
tance of the tract and reduce airfl ow through the 
fi stula [ 6 ]. However, to prevent further respiratory 
decompensation, and to ameliorate the risk of 
gastric perforation, these babies often require an 
urgent thoracotomy and control of the TEF. If the 
baby stabilizes, the remainder of the repair can 
proceed at that time, which is the usual case [ 32 ]. 
However, if the baby remains unstable, the esoph-
agus is secured to the prevertebral fascia, the 
chest is closed, a gastrostomy tube is placed, and 
the defi nitive repair is completed when the baby is 
stabilized. In very low birth weight infants, less 
than 1500 g, a staged repair should be considered. 
Compared to a primary repair in these very low 
birth weight infants, staged repair resulted in 
fewer anastomotic leaks and strictures [ 33 ]. 

 The second special situation occurs when 
there is a long gap between the two ends of the 
esophagus. This often occurs with pure EA or EA 
with a proximal TEF. On occasion, a baby with 
EA and distal TEF may fi t into this special group. 
If the baby presents with a gasless abdomen, a 
long gap should be suspected. The baby is 
brought to the operating room for a gastrostomy 
tube placement to allow enteral feedings while 
waiting for the two ends of the esophagus to grow 
spontaneously, so a primary anastomosis can be 
attempted. The stomach is quite small in these 
babies because it was unused during fetal life and 
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has not yet stretched to its full capacity. Care 
must be taken to avoid injury to the small  stomach 
and its blood supply while placing the gastros-
tomy tube. Careful placement will not compro-
mise the use of the stomach for an esophageal 
replacement if necessary. During gastrostomy 
tube placement, an estimate of the distance 
between the two ends of the esophagus is made 
using a neonatal endoscope in the distal esopha-
gus and fl uoroscopy. If the two ends of the esoph-
agus are more than three vertebral bodies apart, 
they will not be easily connected. The baby is 
then nursed with a tube in the proximal pouch to 
remove the saliva and is fed via the gastrostomy 
tube. During the fi rst several months of life, the 
gap between the two ends of the esophagus short-
ens because of differential growth of the atretic 
esophagus [ 34 ]. The upper pouch may undergo 
serial dilation attempting to stretch the pouch 
[ 35 ]. The gap distance is measured every 2–4 

weeks, and, if the two ends are within two to 
three vertebral bodies, a thoracotomy and attempt 
at anastomosis are performed. Waiting longer 
than 4 months rarely provides extra growth of the 
esophageal ends. The gap will close to within two 
to three vertebral bodies in close to 70 % of these 
babies [ 36 ]. Intraoperatively, several techniques 
help gain length on the esophageal ends if needed. 
These include complete dissection of the upper 
pouch to the thoracic inlet. A circular myotomy 
of livaditis performed on the upper pouch pro-
duces about 1 cm of length for each myotomy as 
depicted in Fig.  11.4  [ 37 ]. A tubularized graft of 
the upper pouch can be created and connected to 
the distal esophagus [ 38 ]. If these techniques do 
not allow an adequate anastomosis, the distal 
esophagus is mobilized, despite its segmental 
blood supply, to gain length [ 6 ]. If these maneu-
vers do not allow an adequate anastomosis, then 
one of three options must be chosen. The fi rst 

a b

c

  Fig. 11.4    Repair of esophageal atresia and distal tra-
cheoesophageal fi stula using a circular myotomy to pro-
vide adequate length. ( a ) The tracheoesophageal fi stula is 
closed with 5-0 monofi lament suture. ( b ) The feasibility 

of primary anastomosis between the two esophageal seg-
ments is assessed. ( c ) A proximal esophagomyotomy pro-
vides extra length to allow for a primary anastomosis       
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option is a two-stage procedure in which a cervi-
cal esophagostomy is initially created in the left 
neck followed by an esophageal substitution at a 
later time. The esophagostomy will allow the 
baby to take sham feeds to prevent oral aversion 
without the risk of aspiration while awaiting 
esophageal replacement. The replacement opera-
tion usually takes place between 9 and 12 months 
of age. The second option is a one-stage 
esophageal- substitution procedure using a gastric 
transposition, a gastric tube, or a colon interposi-
tion to replace the native esophagus. Currently, a 
gastric transposition is our preferred approach 
and has been shown to be a reliable and reproduc-
ible procedure at other centers worldwide [ 39 ]. A 
third option for esophageal reconstruction in 
long-gap esophageal atresia involves the place-
ment of traction sutures on both ends of the 
esophagus and either attaching them under ten-
sion to the prevertebral fascia if the gap is moder-
ate length or bringing them out through the back 
and increase the tension on them sequentially 
over the ensuing 2 weeks (Foker technique). A 
delayed primary anastomosis is carried out after 
the two ends of the esophagus are in close prox-
imity [ 40 ]. Although the Foker technique allows 
for a primary repair, it requires multiple thora-
cotomy incisions, is associated with a very high 
stricture rate, and invariably requires a gastric 
fundoplication procedure to control gastroesoph-
ageal refl ux [ 41 ]. Thoracoscopic techniques have 
been introduced for both the gastric transposition 
[ 42 ] and the Foker technique [ 43 ].

   The third special situation is the H-type tra-
cheoesophageal fi stula without esophageal atre-
sia. An H-type fi stula will often escape the 
discovery in the neonatal period but will be found 
later during evaluation of coughing and choking 
episodes with feeds. Often the fi stula is identifi ed 
by contrast studies, usually a prone pullback 
esophagram as shown in Fig.  11.5 . However, it is 
not unusual to also require bronchoscopy and 
esophagoscopy to make the diagnosis. To repair 
this fi stula, rigid bronchoscopy and esophagos-
copy are used to fi nd the fi stula, place a glidewire 
through it, and bring the two ends out of the 
mouth to aid in its identifi cation during the explo-
ration. The right neck is then explored through an 

incision just above the clavicle. The fi stula is 
identifi ed and divided. If possible, the muscle or 
other available vascularized tissue is placed 
between the two suture lines to help prevent a 
recurrence.

11.6        Postoperative Complications 

 Complications following repair of EA and TEF 
relate to the anastomosis and to the underlying 
disease. The anastomotic problems include anas-

  Fig. 11.5    An H-type tracheoesophageal fi stula is demon-
strated as contrast is injected through a nasoesophageal 
tube. Contrast is noted passing from the esophagus, 
through the fi stula, and fi lling the upper trachea and 
larynx       
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tomotic leaks, anastomotic strictures, and recur-
rent TEFs. The issues related to the underlying 
disease include gastroesophageal refl ux and 
tracheomalacia. 

 The number of anastomotic problems that 
occur after repair is directly dependent on the 
amount of tension that is used to create the anas-
tomosis. The incidence of leak at the anastomosis 
varies from 5 to 20 % [ 44 ] and has remained sta-
ble over the years [ 45 ,  46 ]. The majority of these 
leaks seal within 1–2 weeks with conservative 
management. Complete disruption of the anasto-
mosis, a rare complication occurring in less than 
2 % of cases, presents with a pneumothorax and 
signifi cant salivary drainage from the chest tube. 
This scenario may require early thoracotomy and 
revision of the anastomosis or a cervical esopha-
gostomy and gastrostomy for feeding with subse-
quent esophageal replacement. 

 Anastomotic strictures occur in one third to 
one half of repairs, a rate that has remained stable 
over the past 25 years [ 47 ]. All repairs will show 
some degree of narrowing at the anastomosis, but 
dilations are not instituted unless the stricture is 
symptomatic, causing dysphagia, associated 
respiratory diffi culties, or foreign body obstruc-
tion. Most strictures respond to repeated dila-
tions. These are carried out every 3–6 weeks over 
a 3–6-month period. Strictures that are recalci-
trant to dilations are often related to gastroesoph-
ageal refl ux disease and will not resolve until the 
refl ux is controlled. The perforation rates for 
uncomplicated esophageal strictures for balloon 
dilation and bougienage are 0–2 % and 8–9 %, 
respectively [ 48 ]. Esophageal stenting may be 
useful to temporize an esophageal stricture but 
has not yet been successful as a defi nitive treat-
ment [ 49 ]. 

 The incidence of recurrent TEF formation 
ranges from 5 to 10 % in recent series [ 50 ]. These 
children present with coughing, choking, and 
occasional cyanotic episodes with feeding and 
with recurrent pulmonary infections. Recurrent 
fi stulas are often associated with anastomotic 
leaks, but the possibility of a missed proximal fi s-
tula must also be entertained. A prone, pullback 
esophagram and bronchoscopy with esophagos-
copy are useful to diagnose recurrent fi stulas. A 

repeat right thoracotomy with closure of the fi s-
tula is a diffi cult operation. Identifi cation of the 
fi stula tract is improved with placement of a 
glidewire or ureteral catheter through the fi stula 
at bronchoscopy just before opening the chest. 
After the fi stula is identifi ed and divided, a viable 
piece of tissue, usually a vascularized muscle fl ap 
or a portion of pleura or pericardium, should be 
placed between the suture lines to prevent recur-
rence of the fi stula, which occurs in up to 20 % of 
these repairs [ 51 ]. Endoscopic techniques may be 
attempted prior to surgical closure of a small 
recurrent TEF. It appears that the combination of 
de-epithelialization of the fi stula tract with an 
energy source (diathermy or laser) combined 
with tissue adhesives (Histoacryl or fi brin glue) 
works better than either techniques alone to close 
the fi stula tract with a reported short-term suc-
cess rate of 75 % [ 50 ]. 

 Gastroesophageal refl ux is commonly associ-
ated with EA and TEF. This stems from a number 
of issues including the abnormal clearance of the 
distal esophagus due to poor motility and the 
altered angle of His that occurs as a result of ten-
sion on the distal esophagus and proximal stom-
ach to allow for an adequate anastomosis. Using 
videomanometry with topographic analysis, 
Kawahara et al. found two subgroups of patients 
with repaired EA and TEF. Neither group had 
esophageal contractions at the anastomosis. One 
group had distal esophageal contractions and did 
not develop refl ux, whereas the other group 
lacked distal contractions, and 15 of 17 devel-
oped symptomatic refl ux [ 52 ]. In multiple series 
over the past 30 years, the incidence of signifi -
cant gastroesophageal refl ux following EA and 
TEF repair has remained stable with an average 
incidence of 43 % [ 53 ]. The refl ux is treated med-
ically with acid-reducing medication. Close to 
half of those who develop refl ux will require a 
fundoplication, especially if an anastomotic stric-
ture develops that remains resistant to dilation, or 
repeated pulmonary aspiration secondary to 
refl ux complicates the postoperative course [ 53 ]. 
Careful consideration should be given to a partial 
fundoplication in these children, but a loose 
Nissen fundoplication remains the preferred 
method following EA and TEF repair [ 54 ,  55 ]. A 
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comparison of fundoplications done in babies 
with and without EA and TEF revealed that those 
with EA had more intra- and postoperative com-
plications and more problems with recurrent 
refl ux, dysphagia, and dumping after the fundo-
plication [ 56 ]. 

 Symptomatic tracheomalacia occurs in 
10–20 % children after repair of EA and TEF [ 44 , 
 57 ]. Tracheomalacia refers to collapse of the tra-
chea on expiration leading to expiratory stridor 
and episodes of desaturations, apnea, cyanosis, 
and bradycardia that are often associated with 
feeds. This is thought to originate from weaken-
ing of the tracheal cartilage due to pressure 
exerted during fetal life from the fl uid-fi lled 
dilated upper esophageal pouch. The tracheoma-
lacia may be severe enough to prevent extubation 
after the original repair. Determining the etiology 
of this symptom complex can sometimes be dif-
fi cult because tracheomalacia and gastroesopha-
geal refl ux both occur frequently in this 
population and produce similar symptoms. 
Tracheomalacia is diagnosed with rigid bron-
choscopy in the spontaneously breathing patient. 
The trachea will fl atten anteroposteriorly, or 

“fi shmouth” on expiration, as depicted in 
Fig.  11.6 . Recently, the use of dynamic airway 
multidetector CT scanning in the diagnosis of 
tracheomalacia has been described [ 58 ]. 
Tracheomalacia is often self-limiting but may 
require intervention in children with severe life- 
threatening symptoms. If treatment with continu-
ous positive airway pressure is not effective, then 
aortopexy [ 59 ] or tracheal stenting may be 
required [ 60 ]. Intervention for tracheomalacia is 
required in up to 5 % of children with EA [ 61 ].

11.7        Outcome 

 The outcome for babies with EA and TEF has 
improved over time to the point where now, 
unless major cardiac anomalies, signifi cant chro-
mosomal abnormalities, severe pulmonary com-
plications, or birth weight less than 1500 g exist, 
almost all will survive. The long-term problems 
in children after repair of their EA and TEF 
include pulmonary issues, especially reactive air-
way disease, bronchitis, and pneumonias and 
upper gastrointestinal complaints of dysphagia 
and gastroesophageal refl ux. Pulmonary symp-
toms severe enough to require hospitalization 
occur in close to half of children after repair of 
EA and TEF [ 62 ] Both obstructive defects with 
airway hyperresponsiveness resulting in asthma- 
like symptoms and restrictive defects often 
related to thoracotomy-induced rib fusions and 
gastroesophageal refl ux disease occur [ 63 ,  64 ]. A 
recent meta-analysis of outcomes at least 10 
years after EA and TEF repair revealed a pooled 
prevalence of recurrent respiratory tract infec-
tions of 24 %, persistent cough of 15 %, doctor- 
diagnosed asthma of 22 %, and persistent 
wheezing of 35 % [ 65 ]. Although the pulmonary 
symptoms tend to persist into adulthood [ 66 ], 
they tend to be mild and not affect activities of 
daily living [ 12 ]. 

 The dysphagia and gastroesophageal refl ux 
commonly seen in these children stem from the 
altered innervation of the distal portion of the 
esophagus be it intrinsic or secondary to opera-
tive dissection of the esophageal pouches. This 
dysmotility persists into adulthood. In manomet-

  Fig. 11.6    Tracheomalacia after repair of esophageal atre-
sia and tracheoesophageal fi stula. Bronchoscopic view of 
the tracheal lumen during spontaneous respirations shows 
almost complete collapse or the trachea during expiration 
(please rotate fi gure counterclockwise 90° for fi nal view)       
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ric studies of adolescents and adults with 
repaired EA, the main long-term motility defi cits 
are uncoordinated peristaltic activity and low- 
amplitude contraction of the distal esophagus. 
Interestingly, the swallow-induced relaxation of 
the lower esophageal sphincter occurs normally 
[ 67 ]. This abnormal esophageal motility sets the 
stage for dysphagia and gastroesophageal refl ux. 
Using 24-h pH probe and esophageal biopsy 
data, the incidence of gastroesophageal refl ux 
has been documented in infants (41 %), in chil-
dren up to the age of 10 (45–50 %), and in adults 
(40 %) after EA repair. No new cases of histo-
logic esophagitis or abnormal pH probes 
occurred in children after age 5. The gastro-
esophageal refl ux appears to develop early and 
persist in patients after EA repair [ 68 ]. 
Esophageal strictures are uncommon as a late 
complication. If a stricture occurs late in the 
course, it is usually associated with gastroesoph-
ageal refl ux. Symptoms do not appear to predict 
abnormal endoscopic fi ndings in patients with 
EA suggesting that routine endoscopy may be 
useful [ 69 ]. Chronic refl ux may lead to Barrett’s 
esophagus, a precursor to adenocarcinoma of the 
esophagus. Risk factors for Barrett’s following 
EA repair include early stricture requiring resec-
tion, recurrent TEF, age over 30, long-gap EA, 
and an esophageal stricture as an adult. To date, 
eight cases of esophageal cancer have been 
reported in patients who had their EA repaired at 
birth. All but one presented in the mid-esopha-
gus or at the anastomosis, fi ve were squamous 
cell, and three were adenocarcinomas, and they 
presented at a mean age of 38 years with the ear-
liest at age 20 [ 70 ]. The meta-analysis referenced 
above revealed a pooled prevalence of dysphagia 
(50.3 %); gastroesophageal refl ux symptoms 
(40.2 %), of those 56.5 % had esophagitis on 
biopsy; Barrett’s esophagus (6.4 %); and esopha-
geal cancer (1.4 %) [ 65 ] 

 Several quality-of-life (QOL) measures have 
been used to assess the long-term outcomes after 
EA repair as an infant. The health-related QOL in 
children with EA was decreased related to healthy 
controls but higher when compared to children 
with chronic diseases like asthma and diabetes 
[ 71 ]. The decrease in health-related QOL in chil-

dren appears to be due to ongoing morbidity and 
associated anomalies resulting in lower physical 
functioning and general health perception. 
Following EA repair, adults have a comparable 
QOL to the general population in most domains 
[ 72 ]. A Dutch study of QOL in adults following 
repair of EA compared to healthy subjects found 
no difference in overall physical and mental 
health between the two groups. However, former 
EA patients reported worse “general health” and 
less “vitality” than the healthy subjects because 
of continued gastrointestinal diffi culties reported 
in up to a quarter of the EA group. Marital and 
family status did not differ from that of the gen-
eral Dutch population [ 73 ]. The QOL of adults 
after a colonic interposition as an infant is not as 
good as it is for adults who had a primary repair 
[ 74 ]. A recent review of QOL following repair of 
EA at birth concluded that the overall health- 
related QOL was reduced compared to healthy 
controls but that the associated effect of EA repair 
on overall QOL seems less than expected [ 75 ].     
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Hiatal Hernia 
and Gastroesophageal Reflux

Philippe Montupet and Reva Matta

12.1  Introduction

A hiatal hernia is a partial gastric pull-up across the 
hiatal orifice. Gastroesophageal reflux (GER) is fre-
quently associated. On the contrary, a GER disease 
can exist without anatomical hiatal hernia. In many 
instances, a small hiatal hernia and slight or tran-
sient GER are asymptomatic or well tolerated.

There is a broad spectrum of symptoms related 
to hiatal hernia and GER. Postprandial regurgita-
tions and failure are suggestive, although upper 
respiratory or pulmonary symptoms can prevail. 
In addition, ENT and allergic manifestations, or a 
failure to thrive, can be the main consequences in 
terms of symptomatology. Diagnostic techniques 
are required to confirm GER and associated hia-
tal hernia and also to assess its repercussions. 
Although the X-ray barium meal suffers from 
numerous limitations, it remains a useful tool. 
The pHmetry has gained popularity, performed 
over a 24-h period in ambulatory conditions. The 

endoscopy allows a simple and fast evaluation of 
the possible repercussions of reflux on the esoph-
ageal mucosa and may show a cardial gaping 
openness or a hiatal malposition. The manometry 
goes further since it is also a mean to investigate 
possible motor troubles and abnormalities of the 
lower esophageal sphincter (LES) pressure. 
Newly the impedancemetry [1–3] combines 24-h 
records of pH, motility, and pressures – an alka-
line GER may be detected as well.

Many children who suffer from a GER disease 
remain under-investigated. When a GER induces 
severe complications or escapes a prolonged 
medical treatment, surgical indications have to be 
considered. That is always the case for a large 
hiatal hernia. Surgery could also be more fre-
quently indicated since advanced laparoscopic 
techniques and skill have improved dramatically 
surgical results [4].

All the techniques performed prior to the era 
of minimally invasive surgery (MIS) are repro-
ducible under laparoscopy. However, the sur-
geon’s skill is related to a solid training, and as a 
matter of fact any surgeon is faithful to a favored 
technique. Thus, this chapter describes various 
approaches and also current trends.

12.2  Pathophysiology

The esophagogastric junction is an anatomical 
functional system anchored by anatomical ele-
ments which create an antireflux barrier. The fac-
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tors of anchorage are intrinsic (sphincter and His 
angle) and extrinsic (crura, membrane of Laimer, 
gastrophrenic ligament).

The LES extends for about 1–2 cm above the 
diaphragm to reach the cardia. Its function partly 
depends on the vagus nerve. The LES pressure 
ranges in children from 10 to 20 mmHg, influenced 
by sympathetic and parasympathetic innervation.

The anatomical or physiological incompetence 
of the crural sphincter may be responsible for 
reflux during LES relaxation. Inadequate responses 
of the LES to an increase of intragastric pressure – 
due to a physiologic event or to a delayed gastric 
emptying – are also causes of GER.

Esophageal clearance and peristalsis consist 
in expelling material coming from the stomach. 
Their failure induces alteration of the esophageal 
mucosa. Ultimately, the columnar metaplasia of 
Barrett’s esophagus may appear.

These anatomo-physiologic features have to 
be reminded to emphasize some details of the 
surgical repair, such as vagus nerve preservation, 
careful knotting on crural muscles, and right 
positioning of the LES.

12.3  Surgical Indications

Best results with drugs are achieved by an effec-
tive initial therapy. However, the effects of long- 
term treatment are little known. Moreover, a 
long-lasting medical treatment implies regular 
controls [5].

As such, it might be not cost-effective because 
the duration of this treatment is unpredictable; oth-
erwise, when it is not totally successful, the chronic 
evolution of the disease consists in a great chal-
lenge for both parents and children. In addition, 
numerous families are concerned by several GER 
among their members, and this should be corre-
lated with a genetic factor; some of those children 
need an operation, and some others do not.

In terms of surgical indications regarding a 
GER, especially because the parents’ expectation 
and their anxiety about complications or failure 
are great, surgeons are strongly required to be 
cautious and advised. Since there are four 
 categories of possible investigations – endos-
copy,  pHmetry, manometry, and barium meal – at 

least two of them must clearly establish abnormal 
results. Eventually, a form of gentlemen agree-
ment should impose a postoperative checking 
[14] and a long-term follow-up after the surgery.

As for associated pathologies, they can induce 
more surgical indications, despite the suitable 
choice of investigation and time for decision 
doesn’t make a consensus. If huge hiatal hernias 
are operated sooner, on the contrary, in case of 
beforehand operated esophageal atresia or dia-
phragmatic hernia, the time for surgical indication 
is unclear. The correction of the GER represents a 
second operation, and the success is more difficult 
to warrant due to the age and fragility of the 
patients. The question is somewhat similar regard-
ing neurologically impaired patients (NIP).

Finally, various arguments make the surgeon 
trends to increase or on the contrary to reduce his 
own indications: center’s ability to investigate 
GER, devotion to associated abnormalities, and 
own skill are the main factors.

12.4  Initial Treatments 
and Preoperative 
Preparation

Initial therapy has to be prolonged to a minimum 
of 6–8 months prior to discussing the surgery. 
This period of time is under the control of the 
pediatrician, who usually several drugs are pre-
scribed; among them are a prokinetic and a pro-
ton-pump inhibitor. The choice of therapy for a 
GER disease depends on the severity of signs and 
the degree of esophagitis. After a break off, if 
there is a clear relapse of symptoms, investiga-
tions are required again – at least a barium meal 
and a manometry [5] – which will be used also as 
preoperative workup.

The preoperative workup has several goals:

• To confirm the surgical indication
• To precise the anatomical condition, i.e., hia-

tal hernia
• To make a checkup regarding associated 

pathologies or anesthetic risk

A thorough history of troubles and physical 
exam are the essential initial stage of any workup 
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for gastroesophageal disease, including compli-
ance with treatments, familial status, and growth 
landmarks. Complementary investigations appear 
to be objective arguments. Nevertheless, all are 
neither available in a single center nor suitable in 
a single patient. In fact, it seems correct to dis-
cuss a surgical indication only if two of them 
show a continuous and severe GER.

When a child and his parents are referred to 
the surgeon’s consultation, most of them spent 
a long time of treatment, underwent several 
more or less invasive investigations, and are 
anxious to obtain a better result. Their pediatri-
cian briefly informed them about surgical pro-
cedures and possible side effects, while they 
could also get information from internet. The 
surgeon has to take these informations into 
account, in order to provide detailed and pre-
cise surgical ones. A draft of the planned proce-
dure helps the understanding, also the reasons 
of its choice, the right description of the post-
operative period, and eventually the long-term 
follow-up. Information should be given con-
cerning the risk of recurrences and the way to 
treat them. Anesthetic consultation has to be 
planned separately, to allow parents asking new 
questions as well.

12.5  Surgical Procedures

The aim of the surgery is to create an efficient 
sphincter process at the bottom of the esophagus 
[5]: principles are repositioning of the abdominal 
part of the esophagus, calibration of the hiatal 
orifice, and creation of an antireflux mechanism.

Children fast for an average of 6 h before sur-
gery (4 under 12 ms). A general anesthesia is 
required, while vecuronium is given for muscle 
relaxation only if necessary. Monitoring is stan-
dardized. A nasogastric tube is inserted.

As for laparoscopic surgery, a locoregional 
anesthesia is added by injection of marcaine lat-
erally to the umbilicus along the right muscles. 
The gas insufflation is controlled at an 8–12 
mmHg level but varies during the different steps 
of the procedure in order to preserve a suitable 
ventilation and to prevent hypercarbia.

12.5.1  Positioning and Setup

In case of laparoscopic approach, the patient 
is supine in the reverse Trendelenburg posi-
tion. If the child is under 6–8 years of age, the 
legs are folded at the bottom of the table in a 
frog position. If he is older, they are placed in 
the lithotomy position, and the surgeon sits 
between the legs. The video equipment is 
placed at the right side of the patient’s head. 
All the cables are fixed at the level of the right 
leg. The assistants and the instrument’s table 
are on the right hand of the surgeon, facing 
the video screen.

As for open approach, the incision can be on 
the medial supraumbilical line or more often 
transversal on the right side. A rigid retractor lifts 
up the parietal wall. The left liver lobe is carried 
up and to the right by a smooth retractor held by 
an assistant. There is no special instrumentation 
devoted to the open approach.

Laparoscopic instrumentation depends more 
on the patient size than on the chosen technique. 
For infants and children less than 10 kg, 3-mm 
instruments of 18–20 cm are suitable. A 
30°-angled endoscope is preferentially used. The 
choice of energy source is related to the instru-
ments used, scissors or hook, sealing devices 
which continuously are improved. Limitations 
are also their relative cost.

12.5.2  Laparoscopic Antireflux 
Surgery

Laparoscopic antireflux surgery (LARS) has 
more and more replaced the open approach 
worldwide [4], thanks to an excellent clinical 
outcome and success rates. It was first reported in 
children in 1993 [6]. This evolution in terms of 
MIS is especially to be considered for children 
with neurological impairments who represent a 
large part of the surgical indications.

At the beginning of LARS, it was advocated to 
reply the same procedures as made by an open 
approach. Then, the tendency has been to com-
pare the results of the three main used procedures 
[4], and reports regarding the others became 
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scarce. In spite of their progressive abandon, we 
will briefly describe them as well.

Nissen, Toupet, and Thal techniques are 
equally important to know, because even if a 
pediatric surgeon is more trained with one, the 
two others can be useful and applied to peculiar 
cases, for instance, the redo cases. They are total 
fundoplication and partial – posterior or ante-
rior – fundoplication. In addition to differences 
concerning the type of the wrap which is created 
around the esophagus, these techniques can differ 
by some techniques of dissection; the latter will 
be emphasized within the discussion.

12.5.2.1  Laparoscopic Nissen
First described in 1959, it has been one of the 
standards for antireflux surgery (ARS) for the last 
50 years, because a 360° wrap was considered as 
the most effective antireflux valve.

Laparoscopy is started with a 30° endoscope 
placed through the umbilical site. The left lobe of 
the liver is retracted. The procedure is started by 
dividing the gastro-hepatic ligament; it is advised 
to respect an aberrant left hepatic artery, present 
in about 25 % of cases. Both diaphragm crura are 
cleared to allow adequate mobilization of the 
intra-abdominal esophagus. Then the stomach is 
retracted medially, and the upper short gastric 
vessels are divided in order to free a large part of 
the gastric fundus. As such, a large retroesopha-
geal window is safely made (and the wrap will be 
tension-free). The retroesophageal window is 
enlarged, taking care not to injure the posterior 
vagus nerve. Mobilization of a good length of 
intra-abdominal esophagus is critical to ensure 
the formation of an adequate wrap. Once this has 
been completed, time is to reparation.

Even if the hiatus looks to be of normal size, 
one or several crural stitches are placed using a 
strong nonabsorbable suture; this routine closure 
will help to prevent the development of a hiatal 
hernia, one of the most common complications 
following a Nissen. A 360° wrap is formed with 
the fundus brought around behind the esophagus 
with a stent inside. The wrap is made 2–3 cm in 
length and consists in three to four sutures going 
from the stomach to the anterior wall of the 
esophagus and to the wrapped portion of the 

stomach; the inclusion of the esophagus in each 
suture should prevent a slipped Nissen. The top 
stitch may also include the anterior diaphrag-
matic rim with the same goal. Additional stitches 
may be placed between the wrap and the right 
crus to help secure the wrap in the abdomen 
[6–11].

12.5.2.2  Laparoscopic Nissen Rossetti
Rossetti worked close to Nissen and finally 
described his own modification of the technique. 
His principle is to use the anterior wall of the 
stomach as a short and floppy wrap around the 
esophagus. Moreover, the anterior wall of the 
esophagus is not concerned by the wrap sutures.

Dissection does not differ from a Nissen. 
Short gastric vessels are divided as far as it is 
considered useful to free the wrap. However, 
there is a minimal hiatal dissection; the posterior 
vagal nerve is always identified first but never 
dissected and always left close to the esophagus. 
The esophagus is pushed downward, but there is 
a minimal hiatal dissection. Division of short 
gastric vessels is not always necessary.

The sutures include only the stomach and no 
other structures (Fig. 12.1).

The risk of tension and stricture after Nissen 
Rossetti or Nissen is the same, depending on the 
surgeon’s training.

12.5.2.3  Laparoscopic Toupet
Toupet described a partial wrap some years after 
the complete one described by Nissen. A partial 
wrap seemed to him to be more physiological 
than a complete one.

Dissection approaches the hiatal area on its 
right side, thanks to a liver retractor. A small 
nasogastric tube is on place. The lesser omentum 
is widely opened, and the right crus is easily 
identified. Then the posterior vagal nerve should 
be the main landmark to find the relief of the left 
crus. When the fascia of the left crus has been 
found, a large window toward the splenic area is 
opened. In fact, because the short gastrosplenic 
vessels will never been divided in this technique, 
this step is only focused on the enlargement of a 
retrocardial window, which will allow the wrap 
to be not twisted or stretched.

P. Montupet and R. Matta



187

The main feature of the wrap is to be only a 
translation of the gastric fundus behind and 
around the esophagus. Then this wrap is fixed 
onto the right crus by three stitches. Two other 
rows of three stitches make the wrap encircling 
the esophagus only on three-fourth of its girth. 
The final aspect shows an anterior esophagus 
wall kept free [12–14] (Fig. 12.2).

12.5.2.4  Laparoscopic Thal
This partial fundoplication according to Thal was 
described in the 1970s by an open approach. 
Then, laparoscopic series were provided, espe-
cially by the team of Utrecht. Hiatal dissection 
allows a mobilization of the distal esophagus until 
a sufficient part has reached an intra- abdominal 

position. The hiatus is calibrated by one or two 
sutures, while a stent is temporarily introduced 
into the esophagus.

The fundoplication consists in two rows of 
three stitches between the anterior wall of the 
fundus and the anterior wall of the esophagus, 
in two layers. The last one fixes the wrap to 
the anterior rim of the hiatus and to the right 
crus.

12.5.2.5  Other Techniques of LARS
Many procedures have been described. All are 
feasible under laparoscopy; all were invented to 
obviate some pitfalls or imperfect results of the 
main techniques. Here are summarized some of 
them which knew popularity.

a b

c d

Fig. 12.1 Laparoscopic Nissen Rossetti fundoplication. 
Creation of the retroesophageal window (a), suture of the 
diaphragmatic crura (b), the fundus is brought around 

behind the esophagus to create a wrap (c), suture of the 
wrap including only the stomach (d)
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Jaubert de Beaujeu procedure’s combines a 
reconstruction of the His angle according to the 
Lortat-Jacob principle, an anterior fundoplication 
as described by Thal and Dor, pulling the esopha-
gus down as far as possible and also anchoring it 
to the crus and diaphragm. There is no need to 
divide short gastric vessels. Intra-abdominal fixa-
tion of the esophagus around the hiatus is the 
main step of the procedure. Both edges of the 
pulled down esophagus are sutured to the adja-
cent crus and the anterior part of the esophagus to 
the diaphragm. Then, when recreating the Hiss 
angle, sutures include also the fascia of the left 
crus. Anterior fundoplication ends the 
procedure.

Boix-Ochoa procedure gained popularity in 
the 1980s. Again, the fundamental aim of this 
procedure was to restore and maintain the length 
of the infradiaphragmatic segment of the esopha-
gus. After dissection, several stitches are put 
between the esophagus and the hiatal orifice. The 
latter is calibrated by one or several stitches. 
Then the greater curvature of the stomach is 
mobilized and fixed to the undersurface of the 
diaphragm, and an anterior fundoplication is 
performed.

Other techniques were developed by gastroen-
terologists for adult patients; however, either they 
need sized devices which are not adapted to chil-
dren like endoluminal plication or Stretta proce-
dure or their follow-up is too short in order to 
apply them to young patients, like injectable 
fluids.

12.6  How to Choose an Antireflux 
Procedure

Any pediatric surgeon today received a training 
for LARS, with a favorite technique which is 
depending on his/her team of learning. However, 
trends and scientific studies moved, so that we 
must be interested to learn different possible pro-
cedures. Nissen and Toupet are first; Thal is also 
mandatory, for instance, in case to end a Heller 
intervention.

Having said that, our most frequent practice 
guaranties our best results. Another consideration 
is a professional trend to be adapted to a new sci-
entific evidence, such as repeated conclusions 
from large series and among them RCT (random-
ized controlled trials). Nowadays, these studies 
are available [14–19] to prove that postoperative 
dysphagia is reduced after a partial wrap without 
impair of efficacy regarding the ARS.

Then, the result of LARS in children is sup-
posed to be maintained life lasting, while a redo 
[20, 21] is acceptable in case of failure and has 
also to be explained properly before any parent’s 
decision is made. Thanks to MIS, this possibility 
is acceptable and rates of failures as well.

There are some advices in order to propose suit-
able details in case of specific indications which are 
not depending on the selected procedure.

Huge hiatal hernia makes more cautious and 
complicated the step of dissection. In addition, 
more stitches are needed to close the orifice prior 
to the ARS.

a b

Fig. 12.2 Laparoscopic Toupet fundoplication. Creation of retroesophageal window (a), suture of the wrap to the 
esophagus (b)
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Because a large amount of cases concern NIP, 
who often have to undergo heavy cares and pos-
sibly other surgeries, LARS has to be success-
fully performed before pulmonary reflux 
complications make it at risk. First, the hiatus 
must be reinforced by several stitches. Second, a 
very large wrap, without possibility of tension or 
twist, anchored to the right crus, taking in account 
the gastrostomy implantation, is recommended. 
The same advice can be applied to children with 
a previous diaphragmatic hernia.

Many patients are not investigated regarding 
the esophageal motility because manometric stud-
ies are not available everywhere. Even if a Nissen 
floppy wrap is performed, dysphagia is more 
often a complication, as proved by multicentric 
RCTs. This is especially the case for patients 
cured from an esophageal atresia, and moreover 
the stomach size makes a difficult total wrap. A 
posterior partial wrap obviates this problem.

Statistically, a beating vasculonervous pedicle 
going to the left liver is visible in 15 % of cases. 
Even if it makes the procedure more demanding, 
it must be respected.

12.7  Complications of Antireflux 
Surgery

At the beginning of experience, a bleeding, a per-
foration, and an abnormal duration of the proce-
dure can induce a conversion to an open approach 
in order to control it. Although later, these are 
possible complications to better manage 
laparoscopically.

Bleeding can occur during the dissection for 
different reasons. Younger is the child, more frag-
ile is the liver. A suitable choice of the liver 
retractor, a regular checking of its position must 
avoid a tear of the liver. Other causes of bleeding 
are injuries of retrocardial vessels or splenic 
parenchyma when creating the retrocardial win-
dow. The last one is an injury of the inferior dia-
phragmatic vessels, more often the left one when 
we release the superior part of the fundus.

Perforations may mainly concern the esoph-
agus or the stomach, when the proper plan of 

dissection is missed. We have to keep in mind 
that the posterior vagus nerve is the main land-
mark to identify in order to follow a good direc-
tion close to the left crus.

Perforation can also concern the pleura, and it 
is immediately recognized by the anesthesiolo-
gist. More often it is a small tear, and the solution 
is to leave this area for a while, without attempt to 
close it.

Any injury of the posterior vagus nerve will 
have consequences, mainly a prolonged diarrhea 
and then a dumping syndrome. We observed four 
cases, but symptoms disappeared spontaneously 
in 4–8 months.

Because LARS is a repairing surgery, its suc-
cess depends on a lot of details and careful atten-
tion. Some of them merit a special mention. 
Knotting has to be minutely controlled, thanks to 
the video magnification, so that cutting knots, dis-
ruption of knots, and transmural stitches can be 
avoided. The size of the wrap is a main factor of 
its efficacy. Dividing or not dividing the short gas-
tric vessels is frequently advocated. In fact, if the 
anterior wall of the fundus is used, there will be 
no tension and no twist; in addition, the transla-
tion can be enlarged on request, even if there is a 
small stomach. The calibration of the hiatus is 
mandatory in two cases: NIP who have spastic 
crisis and for them several stitches, never too 
tight, are used and large hiatal hernia, for obvious 
reasons. In our practice, one-third of normal- sized 
orifice requires a stitch calibration. But when we 
calibrate the hiatal orifice, be very careful.

The goal of LARS is to create a wrap, partial or 
total, to reinforce the pressure around the LES 
pulled down in right position. Main causes of fail-
ures are disruption, migration, or being a too loose 
or too tight wrap. According to these requests, a 
partial wrap cannot be too tight because the ante-
rior esophagus wall is maintained free.

12.8  Redo Surgery

According to literature review, it appears that 
redo surgery in GERD was challenging in the 
times of open approaches. This has completely 
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moved since LARS [20, 21]. The reasons can be 
fewer adhesions and also a magnification which 
allow a more precise dissection. Also the rate of 
redo decreased, as a confirmation of a progress 
due to MIS.

As for the dissection, it is easier to separate 
the liver from the wrap and to avoid a large bleed-
ing at this step. New coagulating devices help to 
do it.

Moreover, a total reconstruction of the wrap is 
rarely requested. Either it is pulled up or slipped 
behind the cardia. After a gentle dissection, the 
wrap has to enlarge below or on the right side of 
the hiatus. Then, some stitches will ensure the 
stability of the montage.

Thanks to this evolution, the redo could 
become a part of the initial information to the 
parents, with an acceptable rate of 5 %.

 Conclusions

Hiatal hernia and GERD are associated and 
much more frequent than diagnosed in pediat-
ric population. Pediatricians keep a fair mem-
ory of the open surgery and also trend toward 
prolonged medical treatments, which are not 
without side effects.

Children and families confronted with 
this disease are suffering more than it is gen-
erally thought. Useful investigations are 
delayed or repeated without a proper surgi-
cal advice.

The success of LARS is underestimated. 
Since the pioneer period, numerous progress 
and scientific reviews proved that it is an effi-
cient and cost- effective treatment of severe 
GERD.

This is a demanding surgery [26], in 
terms of training rather than skills. All pedi-
atric surgery centers are able to teach a suit-
able technique for the majority of those 
children. Some of them need to obtain new 
investigation devices within their pediatri-
cian teams.

Up to now, LARS for children is awarded 
by excellent results; even if several techniques 
are in competition, the best one must remain 
the choice of the expert surgeon.
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      Esophageal Replacements 
in Children                     

     Olivier     Reinberg    

13.1          Introduction 

 For historical reasons, our University Hospital 
has been involved for a long time in esophageal 
replacements: in 1907, Cesar Roux performed 
successfully the fi rst total esophageal replace-
ment on a 12-year-old child in Lausanne, 
Switzerland. The child suffered from caustic ste-
nosis. It was a presternal jejunoplasty, so-called 
 esophago-jejuno-gastrostomose, a new proce-
dure for untreatable esophageal stenosis  [ 1 ]. His 
patient died at 53. His pupil, Henri Vulliet, was 
the fi rst one to use the colon in 1911. Since then, 
many surgical procedures have been used to 
replace the injured or abnormal esophagus. From 
1966 to 1989, our Master Noël Genton did 46 
esophageal replacements in children, and that 
was a large series at that time [ 1 – 5 ].  

13.2     Indications for Esophageal 
Replacements 

 From 1989 to 2014, we have done 285 esopha-
geal replacements in children aged 9 months–18 
years (mean age 5.9) as fi rst attempts. They were 
a majority of boys (62 %) as 95 % of our replace-
ments were for caustic burns. 

 The indications for esophageal replacements 
differ according to the children’s native coun-
tries. Both in low- and high-income countries, 
ingestion of corrosive substances, alkalis or 
acids, is the most common cause for esophageal 
replacement, to minimize the hazards of house-
hold products and laws for containers with child- 
resistant closures. The majority of ingestions 
occurs in children younger than 5 years and could 
be preventable [ 6 – 9 ]. Ingestion in children older 
than 5 years is suspect, and, in adolescents, 
mainly in girls, is usually intentional with larger 
volumes swallowed [ 7 ]. In addition, there might 
be an unknown number of cases of abuse. The 
true prevalence of these injuries is unknown. 
According to the report on pediatric trauma done 
by the World Health Organization and the 
UNICEF, more than 120,000 children under 6 
years old suffered caustic injuries in the United 
States in 2004 [ 6 ,  10 ]. In the pediatric group, 
90 % of esophageal burns are caused by alkali 
substances and 10 % by acids [ 11 ]. (For more 
details see Chap.   16    .) 

 Other indications for esophageal replacements 
are uncommon. As other authors, we got involved 
in the treatment of isolated cases of postinfec-
tious strictures, fungal ( Candida ) or viral 
( Herpes ) [ 12 ], malformations (long congenital 
strictures, long duplications of the esophagus), 
tumors (giant leiomyoma [ 13 ]), stenosis post- 
radiotherapy, or related to epidermolysis bullosa. 
We do not believe dilatations can release stric-
tures in epidermolysis bullosa as the injury on the 
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mucosa produces the recurrence [ 14 ]. However, 
they are the most diffi cult surgeries that we had to 
deal with. Other authors have also reported 
unusual cases such as postinfectious strictures 
after  Pseudomonas  infections [ 15 ] and ingested 
tablets of salicylic acid [ 16 ] (Table  13.1 ).

   On the opposite, since 1989, we have never 
performed an esophageal replacement, neither 
for a peptic stricture nor for an esophageal atresia 
born in our hospital. In our team peptic strictures 
are released with dilatations following anti-refl ux 
procedures. The defi nition of a “long-gap esoph-
ageal atresia” as the “inability to achieve primary 
end-to-end anastomosis” is surgeon dependent. 
Most anastomosis of “long-gap esophageal atre-
sia” can be done as delayed procedures, waiting 
sometimes for several months with a gastros-
tomy, as long as no cervicostomy has been done 
impeding from spontaneous lengthening. There 
is a strong correlation between too early proce-
dures and complications including graft necrosis, 
anastomotic leaks, and sepsis [ 17 – 19 ]. 

 Lee has compared delayed primary anastomo-
sis with esophageal replacement with gastric 
tubes in a series of 44 patients with “long-gap 
esophageal atresia.” There was no difference in 
perioperative complications, but replacements 
had more long-term complications (86 %) com-
pared to delayed primary anastomosis (30 %). 
Almost all patients experienced gastroesophageal 
refl ux (GER) [ 20 ]. Pierro and coworkers, who 
has a large experience in esophageal replace-
ments for long-gap atresia, very recently pub-

lished a series of ten esophageal atresias without 
fi stula with primary delayed anastomosis without 
replacement [ 21 ]. He concluded that the manage-
ment of pure EA continues to be challenging, but 
the preservation of native esophagus is possible 
with signifi cant morbidity, and the long-term out-
comes are favorable.  

13.3     Pathogenesis 

 (For more details, please refer to Chap.   16    .) 
 Acids and bases can be defi ned as caustics, 

which cause signifi cant tissue damages upon 
contact with the esophagus. Most acids produce a 
coagulation necrosis by denaturing proteins, 
inducing a coating coagulum that protects the 
underlayers from deeper penetration. Bases 
induce more severe injuries known as liquefac-
tion necrosis, i.e., the denaturation of proteins 
together with a saponifi cation of fats, which pen-
etrate deep through the esophageal wall and can 
perforate. 

 The severity of the damages is related to sev-
eral factors, including the pH, the concentration, 
and the volume of the agent. The contact time is 
of little interest as a lesion occurs within a few 
seconds. The physical form of the agent plays a 
signifi cant role: the ingestion of solid pellets 
results in prolonged local contact time with the 
esophagus, thus deeper localized burns, while 
liquids generate superfi cial but more extensive 
lesions. For this reason, it is of major importance 
to refrain from drinking after pellet ingestion as it 
may induce both types of lesions. 

 Due to stagnation, lesions are more frequent 
and more serious at the level of anatomic narrow-
ings of the esophagus (superior esophageal 
sphincter, aortic arch and left main bronchus at 
the level of T4–T5, and above the esophagogas-
tric junction). 

 Like skin, the long-term effect of caustic 
esophageal burns is a hypertrophic scarring pro-
cess, which can result in stricture formation. In 
addition, with the disappearance of the mucosa, 
the facing surfaces adhere to each other worsen-
ing the stenosis of the esophagus or occluding its 
lumen moving toward a fi stula. Mucosal 

   Table 13.1    Indications for esophageal replacements 
( n  = 285)   

 Acquired  Congenital 

 273 Caustic stenosis  Four malformations 
   Two long congenital 

stenosis 
   One long esophageal 

duplication 
   One achalasia 

 Two stenosis 
post-radiotherapies 

 One giant esophageal 
leiomyoma 

 Two stenosis post-viral 
infections ( Herpes ) 

 Two sequelae of 
epidermolysis bullosa 

 Two stenosis post-fungal 
infections ( Candida ) 
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 reepithelization is a slow process, usually not 
complete before 4–6 weeks. Not until a complete 
reepithelization, the infl ammation continues, and 
granulation tissue comes to maturity. Thus, a 
stricture formation is detectable after 2 weeks 
and is defi nite by the fourth week. This is the best 
time to start dilatations. 

 If the muscular layers of the esophagus have 
been destroyed, they will not regenerate and be 
replaced by fi brous tissue. Even if the lumen has 
been kept open, the contraction waves will never 
overpass that point. 

 The caustic burn induces a shortening of 
esophagus and a motility disorder resulting in 
refl ux and poor esophageal clearance, which adds 
a peptic stenosis to a caustic one evidenced by 
histology (O. Reinberg, unpublished). For this 
reason, all our patients under conservative treat-
ment with dilatations receive proton-pump inhib-
itors (PPIs) as early as possible, even if their 
effi ciency has not been proven [ 6 ,  9 ,  19 ].  

13.4     Initial Treatment 
and Preoperative 
Preparation 

 (For more details, please refer to Chap.   16    .) 
 The rate of stricture formation reported in lit-

erature varies from 2 to 63 % (!). About a month 
after caustic ingestion, the diagnosis of stenosis 
can be assessed by an esophagogram and an 
endoscopy, once the edema has gone. Then, 
according to the severity of the stenosis, a dilata-
tion program can be started. The optimal fre-
quency of dilatation is not well established in the 
literature, and our practice was to use a symptom- 
based approach, but an interval of 3 weeks seems 
appropriate in most cases. 

 Isolated short stenosis of the esophagus, i.e., 
1–2 cm, can be treated by dilatations with good 
results. Long ones (more than 3 cm), multiple 
stenosis (more than 2), or those with a tracheo-
esophageal fi stula cannot be solved by dilatations 
and require an esophageal replacement [ 5 ,  17 ]. 
However, the decision should not be precipitated 
as spontaneous improvement can occur within a 
few months until the lesions are stabilized. We 

have seen children with long narrow stenosis at 
6 months that would have been candidates for 
esophageal replacement, who have been “forgot-
ten” in their native countries. When they “reap-
peared” a year later, they only required dilatations 
of short narrow strictures. Subsequently, indica-
tions for esophageal replacements and their tim-
ing vary widely. As a result, children are often 
subjected to prolonged courses of dilatations 
prior to esophageal replacement or, conversely, 
may be exposed to unnecessary surgery [ 17 ]. A 
strong predictor of poor outcome was the delay 
from ingestion to the beginning of dilatations 
[ 17 ,  18 ]. Without improvement after 12 months 
of repeated dilatations, we consider doing an 
esophageal replacement as other authors [ 5 ,  22 ]. 

 Esophageal replacements are major surgeries 
that require the child to be in a good nutritional 
condition. Esophageal strictures usually produce 
dysphagia for solids, liquids, or both, with slow 
and insidious progression of weight loss and mal-
nutrition. If the stenosis is important with subse-
quent dysphagia lasting for more than a month, a 
gastrostomy should have been done. Most 
patients referred to us, even those with a previ-
ously done gastrostomy, were in poor nutritional 
conditions and must be placed under refeeding 
program before surgery. 

 The way the gastrostomy was done on the 
anterior stomachal wall is a major concern for the 
surgeon. When intending to replace an esopha-
gus, the surgeon never knows which transplant he 
can use: if the gastrostomy has been placed too 
close from the greater curvature, he may face an 
interruption of the gastroepiploic artery, and the 
vascularization of the stomach can be compro-
mised. When performing a gastrostomy for 
caustic stenosis, it is wise to place it far away 
from the greater curvature. In some cases, we 
used an interesting artifi ce suggested in 1974 by 
Papahagi and Popovici: when performing the 
gastrostomy, these authors ligated the middle 
colonic artery and sometimes the right one to 
stimulate the development of the left one, antici-
pating a possible transverse isoperistaltic colonic 
replacement [ 23 ]. 

 A preoperative evaluation of the oropharynx 
and larynx has to be done preoperatively as 
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 associated lesions are not unusual: 15 % in our 
experience [ 5 ]. This initial evaluation should 
include vocal cord movements before surgery in 
the neck as paralysis can occur at the time of the 
caustic injury. We recommend the use of the con-
sensual classifi cation of benign laryngotracheal 
stenosis done by the European Laryngological 
Society [ 24 ]. The level of a preexisting tracheo-
esophageal fi stula has to be defi ned by tracheos-
copy. The length of the intact proximal esophagus 
above the fi rst stenosis should be carefully mea-
sured to anticipate swallowing problems. 

 As other authors, we have abandoned mechan-
ical preparation (enemas) [ 25 ,  26 ]. The day 
before surgery, we give an oral preparation of 
polyethylene glycol (= macrogol, 4 l/1.73 m 2 ) 
through the gastrostomy (similar to those used 
before a colonoscopy), independently of the 
planned procedure, as we never know which 
transplant will be used.  

13.5     Surgical Managements 

13.5.1     Where Should the Esophageal 
Substitute Be Placed? 

 Choosing the appropriate route for esophageal 
replacement is an important decision. 

 The historic route was presternal (Fig.  13.1a ) 
as the thorax could not be open at that time. 
Then the transplants were placed in the 
retrosternal position in a fi rst procedure, and 
the native esophagus was removed in a second 
stage (Fig.  13.1b ). We introduced the one-stage 
procedure in 1989, placing the transplant in the 
orthotopic position, i.e., in the posterior medi-
astinum, following a closed-chest esophagec-
tomy (Fig.  13.1c ) [ 27 ]. The path for an 
orthotopic plasty is straighter and shorter than 
that of the retrosternal route but requires 
removal of the native esophagus [ 28 ]. It avoids 
the two kinks at the upper thoracic inlet and at 
the reentry into the abdomen. It is our favorite 
procedure as it seems that the periesophagitis 
limits dilatation and redundancy of the trans-
plant [ 2 ,  5 ,  27 – 29 ].

   However, in some circumstances, the retroster-
nal route had to be used when it appears impos-
sible to dissect safely the esophagus or a previous 
transplant from the mediastinum. This is most 
often the case in the multiple redo procedures. In 
his series of redo procedures, Tovar had also to 
use the retrosternal route and even to go back to 
the old presternal path for one patient [ 30 ,  31 ]. It 
is easy to build a path behind the sternum in a 
space with very few adhesions. But with time, 
any transplant placed in this space will widen, 
especially if there is a narrowing at the distal end 
where it reintegrates the abdomen. This is more 
frequent in colonic transplants than in gastric 
tubes. Colonic transplants placed retrosternally 
have a strong tendency to become redundant, and 
we have had to tailor some of them. A gastric 
tube is more appropriate if the transplant is placed 
in the retrosternum.  

b

a

c

  Fig. 13.1    The routes for substitute placement [ 2 ]: ( a ) his-
toric presternal, ( b ) retrosternal, ( c ) orthotopic mediasti-
nal posterior       
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13.5.2     Should We Remove the Native 
Esophagus and How? 

 There are two reasons to remove the native 
esophagus before an esophageal replacement: (i) 
to place the transplant in the orthotopic position, 
as mentioned above and (ii) because of the onco-
logic risk induced by the burned esophagus. The 
prevalence of malignancies, mostly carcinoma, is 
unknown but has been shown in several reports to 
range from 1.8 to 16 %, and the malignancies are 
known to take decades to develop. They were 
believed to be related to the abrasion of food 
intake on the burned esophagus. Subsequently, it 
was said that a disconnected burn esophagus did 
not bear that risk. Actually, no one knows the fate 
of a disconnected burned esophagus, and cases 
have been reported of carcinoma appearing on 
disconnected unused native esophagus after 
replacements [ 22 ,  32 ,  33 ]. For this reason, we 
remove as much as possible a native burned 
esophagus before replacement. However, a 
demucosed short segment of an abandoned dis-
connected esophagus is an acceptable risk. 

 In 1978, Orringer was the fi rst to describe a 
blind esophagectomy without thoracotomy [ 34 ]. 
Since 1989, we introduced the one-stage ortho-
topic esophageal replacement following a closed- 
chest esophagectomy [ 27 ,  35 ]. The esophagus 
was removed through a left cervical incision after 
its transhiatal dissection by laparotomy without 
thoracotomy. A blind dissection by digitoclasy 
was performed in the middle part of the esopha-
gus. At this level, adhesions to the major vascular 
structures and to the bronchi are the most severe 
and can lead to serious life-threatening injuries 
[ 35 ]. Some anatomical considerations on the vas-
cularization of the esophagus are particularly use-
ful when doing the hemostasis from the cervical 
opening and from the hiatus [ 36 ]. The greater 
danger remains at the level of the aortic arch and 
left bronchus where the most important adhesions 
are and which is the farthest point from skin inci-
sions during the blind dissection. When total 
esophagectomy became too dangerous, we have 
abandoned some esophageal remnants at the level 
of the aortic arch after removal of the mucosa 

without subsequent narrowing of the esophageal 
substitute. Even after the experience in more than 
200 cases, we considered this step as the most 
dangerous part of the procedure, showing 18 % of 
various complications. It allowed the esophagus 
to be totally removed in 45 % of cases and par-
tially in 40 % [ 37 ] (Table  13.2 ). 

 In addition, several complications related to 
anesthesia can occur during blind esophagec-
tomy. The most frequent were (i) endotracheal 
tube displacement during the dissection of the 
esophagus which requires tractions on it and 
through it and (ii) obstructions of the endotra-
cheal tube or of the bronchi (mainly the left one) 
because of the mobilization of mucous plugs 
from the lungs during the esophagectomy. 

 For these reasons, we have tried to achieve 
esophagectomy under visual control without 
opening the thorax. Since 2006, we have used a 
standardized procedure through a laparoscopic 
transhiatal approach [ 38 ,  39 ]. This technique has 
been used by other surgeons since then [ 40 ]. 
Some cases of esophageal dissection using a tho-
racoscopy [ 41 ] or a combination of thoracoscopy 
and laparoscopy in children have also been 
reported [ 42 – 44 ]. The problem of the thoraco-
scopic approach is that it gives a lateral view of 
the esophagus that is hidden in the scarring pro-
cess. It is safer to start the dissection from below 
by a transhiatal approach and to follow the intact 
esophagus up into the adhesions. 

 During the laparoscopic procedure, the child 
lays supine at the foot end of the table. The legs 
are wrapped in a “frog position” as for an anti- 
refl ux procedure, and the table is tilted to a 30° 
anti-Trendelenburg position. In order to allow a 
good access to the esophagus, the right-hand 
port is placed in relation to the position of the 
gastrostomy, i.e., slightly inward and inferior to 
it. This will not only help the dissection of the 
esophagus, especially during dissection in the 
mediastinum, but also allow easier insertion of 
instruments by giving the appropriate direction 
to the mediastinum through the open hiatus. The 
esophageal diaphragmatic hiatus is enlarged by 
a 2–3 cm incision at 10 o’clock. Two large (0 or 
2) trans- parietal monofi lament threads are 
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passed through the two crura from both sides of 
the patient and taken out through the skin. They 
allow a wide opening of the crura similar to the 
raising of a stage curtain. The transhiatal dissec-
tion of the esophagus is pursued under direct 
vision in close contact with the esophageal wall 
using a sealing device (Ligasure ®  LS 1500 
Dolphin Tip or Maryland laparoscopic instru-
ment by Covidien). The use of the harmonic dis-
sector (Ultracision ®  by Ethicon) can be more 
dangerous as it heats in a very narrow fi eld. 
Once the distal third of the esophagus has been 
freed, the liver retractor can be introduced into 
the mediastinum below the heart to allow a 
wider view of its major anatomical structures. A 
rotation of the 30° angulated camera helps to 
have a better view of both sides of the esopha-
gus. This approach provides a clear view of the 
vagus nerves and facilitates their preservation. 
Should a pleural tear occur, a drainage tube is 
inserted under direct vision. The anatomical 
structures which run the greatest danger of 
being damaged during dissection are the left 
bronchus, whose soft posterior membrane usu-
ally adheres fi rmly to the esophagus, and the left 
brachiocephalic vein (innominate vein). The 
esophagus can be freed as far up as possible, 
usually one or two centimeters below the clavi-
cle. With this technique of and more than 40 
cases, no vascular or bronchial wound occurred, 
and the rate of the total removal of the esopha-
gus raised up to 83 % without complication [ 38 , 
 39 ] (Table  13.2 ). Moreover, it appeared that the 
delay to extubation and the length of stay in the 
pediatric intensive care unit (PICU) were shorter 
after laparoscopic transhiatal esophagectomy 
[ 38 ,  39 ].

   The cervical dissection of the esophagus 
requires the greatest care to avoid a tracheal tear 
or a lesion to the left recurrent laryngeal nerve. 
Preserving the most proximal centimeters of the 
native esophagus is crucial to avoid swallowing 
disorders. 

 A preexistent or preoperative tracheoesopha-
geal fi stula must be identifi ed and occluded. The 
healing of such a suture requires coverage with a 
well-vascularized tissue because of the fi rm 
scarry processes in the mediastinum. For this 

purpose, several fl aps can be used, such as peri-
cardial fl ap, muscular fl ap taken from the inter-
costal muscles, or a fl ap from the latissimus dorsi 
in the most severe cases. However in some cases, 
we have left a part of the native esophagus after 
the removal of its mucosa and used it as a tra-
cheal or bronchial coverage with success.  

13.5.3     Which Transplant? 

 The esophagus can be replaced by a segment of 
the colon, the entire stomach, a gastric tube, or a 
part of the small bowel. However, none is perfect 
and can operate as a normal esophagus. 

 Gallo has performed a meta-analysis on 15 
studies to compare three techniques for esopha-
geal replacement of long-gap atresia in children: 
jejunal interposition, colon interposition, and 
gastric pull-up. The gastric pull-ups and colon 
interpositions appeared comparable regarding 
postoperative mortality, anastomotic complica-
tions, and graft loss. On long-term follow-up, the 
gastric pull- ups seem to be associated with a 
higher respiratory morbidity but fewer gastroin-
testinal complications than the colon interposi-
tions. They were only two studies with jejunum 
and none with gastric tubes [ 45 ]. Loukogeorgakis 
and Pierro have published an extensive compari-
son of recent literature published over the last 
5 years on the four main types of esophageal sub-
stitution that must be carefully read [ 46 ]. 

 We are frequently asked which is our favorite 
transplant. We cannot answer this question and 

    Table 13.2    Esophagectomies: comparison according to 
the techniques used   

 Techniques 

 Blind 
dissection 
(1989–2006) 

 Laparoscopic 
transhiatal 
(2006–2014) 

  N   244  41 
 Mean ages  5.9  6.0 
 Total 
esophagectomies 

 111  45 %  34  83 % 

 Partial 
esophagectomies 

 97  40 %  5  12 % 

 Failure  36  15 %  2  5 % 
 Major accidents  44  18 %  0  0 % 
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we used several of them [ 5 ] (Table  13.3 ). When 
intending to replace an esophagus, the surgeon 
never knows which transplant can be used: if the 
gastrostomy has been placed too close from the 
greater curvature, he may face an interruption of 
the gastroepiploic artery, and a gastric tube can-
not be achieved. Should he plan a colonic trans-
plant, a missing artery could make it impossible. 
Therefore, he must be able to adapt his technique 
to the patient’s condition and so must be aware of 
several techniques.

13.5.3.1       Colonic Transplants 
 The colon is the most frequently used conduit to 
replace the esophagus; the transverse, ascending, 
or descending colon has been used, either in an 
antiperistaltic or isoperistaltic fashion. It offers 
the advantage of a segment of bowel with several 
possible vascular supplies that is long enough to 
be mobilized. Its width is approximately the 
same as the esophagus. Its length can be adjusted 
to the requirement [ 18 ,  22 ,  29 ]. This operation 
requires meticulous attention to technical details 
for a successful outcome. The use of the colon 
provides a good length of transplant and allows a 
tube of an appropriate diameter. 

 The operation is carried out through a midline 
incision from the xyphoid process to the umbili-
cus. The best transplant is taken on the transverse 
colon, vascularized by the left colonic artery and 
placed isoperistaltically (Fig.  13.2 ). Before ligat-
ing the unused vascular bundles, it is wise to gen-
erously mobilize the colon from the right to the 
left severing the gastrocolic ligament and to 
explore carefully its arteries. An effi cient left 

colonic artery is missing in about 10 % of patients, 
and the anastomotic transverse colonic arcade can 
be absent. We check the quality of the chosen 
arterial supply by clamping the unused arteries 
during 10–15 min with atraumatic vascular bull-
dogs clamps. The superfi cial arteries must remain 
pulsating, especially those at the farthest end from 
vascular supply and the peristaltism be present. 
Once appropriate length is chosen, the transplant 
is prepared by severing the unused vessels while 
preserving long arcades. We use conventional 
ligatures and never coagulate them to prevent 
from vascular spasms. Once freed the transplant is 
cleaned and preserved in warm cloths avoiding 
any tension on its vascular supply.

   The colonic transplant has no effi cient propul-
sive contraction and empties by gravity. However, 
in 1971, Jones fi rst demonstrated on animals [ 47 ] 
and since then in humans [ 48 ] that an acid refl ux 
in the transplant can induce a contraction that 
protects the colonic mucosa against acid aggres-
sion. When a refl ux occurs, this intrinsic contrac-
tion, which can be reproduced with the amplitude 
of 15–20 mmHg for 45–50 s, rapidly clears the 
colon. For this reason, we believe that colonic 
transplants should be placed as far as possible in 
an isoperistaltic position to benefi t from this 
self-protection. 

 If the right colon is used, it can be placed in an 
isoperistaltic fashion using a vascular supply 
from the middle colonic artery or antiperistalti-
cally on the ileocolic artery. As the right colon is 
shorter than the transverse, the distal ileum is 
used with sacrifi ce of the valve to gain some extra 
length. 

   Table 13.3    Choice and place of 285 transplants   

 Transplant   N   Direction   N   Position   N  

 Transverse colon  234  Isoperistaltic 
 Antiperistaltic 

 224 
 10 

 Posterior mediastinum 
 Retrosternal 
 Posterior mediastinum 

 221 
 3 
 10 

 Right colon  8  Isoperistaltic 
 Antiperistaltic 

 5 
 3 

 Posterior mediastinum  8 

 Colon mixt  3  Isoperistaltic  3  Posterior mediastinum  3 
 Gastric tube  36  Antiperistaltic  36  Posterior mediastinum 

 Retrosternal 
 26 
 10 

 Jejunum  4  Isoperistaltic 
 Antiperistaltic 

 2 
 2 

 Cervico-mediastinal  4 
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 In some cases, we used an interesting artifi ce 
suggested in 1974 by Papahagi and Popovici: 
when performing the gastrostomy, these authors 
ligated the middle colonic artery and sometimes 
the right one to stimulate the development of the 
left one, anticipating a transverse isoperistaltic 
colonic replacement [ 23 ]. 

 To bring the transplant to the neck, we use a 
large (40 mm) Penrose drain, the proximal end of 
the transplant being placed inside and sutured to 
it. This avoids any friction to its proximal edge 
when pulling it up. Before and after this maneu-
ver, we check the arterial pulse with Doppler 
ultrasounds and the venous return as well. We 

handle the colon to fi nd the best position for an 
optimal venous return. Some studies have been 
dedicated to the arterial supply of transplants but 
none about the venous return. However, it seems 
obvious that it is of great importance. Should 
compression or kinking occur on the drainage 
vein, the transplant could have a venous engorge-
ment that may induce an ischemia with subse-
quent leak or stenosis [ 5 ]. 

 We always perform the proximal end-to-end 
anastomosis using a single layer of full thick-
ness interrupted resorbable sutures, with a 
V-shape incision of the proximal esophagus to 
make the colon width fi t to its diameter if 
needed. In some cases if a short stenosis is pres-
ent in the upper part of the native esophagus, 
we widen it using a Mikulicz procedure to 
avoid the anastomosis too close from the upper 
esophageal sphincter. 

 The distal cologastric anastomosis is per-
formed on the anterior wall of the stomach by the 
upper third of the small curvature. The suture is 
done using two layers of resorbable stitches, with 
disrupted stitches on the seromuscular suture and 
a running one on the mucosa. A decompression 
tube is placed into the transplant though the gas-
trostomy together with a gastrostomy tube and a 
jejunal feeding tube. 

 As we placed the colons in an orthotopic 
position, we experienced frequent refl ux and/or 
stasis in the transplants. Thus, we felt for the 
need of a new anti-refl ux procedure as the stan-
dard ones (Nissen, Toupet) were too effi cient on 
the weak wall of the colon. We described in 
1993 a new anti-refl ux procedure for colonic 
transplants using an anterior wrap similar to the 
one described by Dor that was made out of the 
fundus but fi xed to the right crus [ 5 ,  49 ] 
(Fig.  13.3 ). It covers 3 cm of the distal trans-
plant. The wrap must be loose enough not to 
compress the vascular pedicle located behind 
the transplant. The opening of the hiatus behind 
the transplant is never closed. This loose ante-
rior wrap is effi cient enough on a colonic trans-
plant to prevent refl ux as shown on 
esophagograms performed on day 10. It reduces 
the refl ux at day 10 from 48 to 7,5 % using the 
anti-refl ux wrap and from 40 to 21 % on later 

  Fig. 13.2    Isoperistaltic transverse colon vascularized by 
the left colonic artery       
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esophagograms. The 20 % long-term rate of sta-
sis in the transplant is not increased with this 
valve [ 49 ].

   We never performed a gastric drainage proce-
dure or a Mikulicz pyloroplasty even if damage to 
the vagus nerves was suspected. We observed 
some stasis in the stomach and in the transplant, 
but they all resolved spontaneously within a few 
days or weeks. Some children had delayed gastric 
emptying before surgery, so we believe that vagus 
nerves have suffered from trans-parietal burns as 
they were in the scar of the periesophagitis. 

   Gastric Tubes 
 The concept of a gastric tube comes from the 
experiments on gastrostomies undertaken during 
the second half of the nineteenth century. The 
use of a gastric tube as an esophageal substitute 
was fi rst done by Dan Gavriliu from Romania in 
1951. Heimlich claimed he did it fi rst, but in 
1957 after visiting him, he paid tribute to 
Gavriliu. The fi rst gastric tube performed in 
North America was by James Fallis from Canada. 
Dan Gavriliu built two different tubes using the 
greater curvature vascularized by the gastroepi-
ploic artery. The fi rst one was a reversed gastric 

tube, the prepyloric antrum being brought to the 
neck and vascularized by the left gastroepiploic 
artery; the second one was isoperistaltic supplied 
by the right gastroepiploic artery. Both required 
a splenectomy at that time [ 2 ,  3 ]. Today most 
gastric tubes are reversed, built from the greater 
curvature of the stomach with blood supply from 
the left gastroepiploic artery without splenec-
tomy (Fig.  13.4 ). It brings the antrum to the 
neck, this part of the stomach producing less 
acid than the fundus. However, some teams keep 
doing isoperistaltic tubes [ 51 ].

   The procedure involves at fi rst the division of 
the gastrocolic ligament preserving the gastroepi-
ploic artery from the pyloroduodenal artery to the 
splenic one. Usually the short gastric vessels can 
be preserved. The free edge of the tube should be 
taken at about 3 cm from the pylorus. The gastric 
curvature is molded around a 24-Fr tube, using 
two to three shots of a 75-mm-long GIA stapler 
or is hand sewn. It is brought to the neck in the 
same manner as for a colonic transplant. Care 
must be taken to the hinge between the tube and 
the stomach, and some reinforcement stitches can 
be useful. The upper anastomosis is done the 
same way as for the colon. A gastrostomy is per-
formed on the anterior wall of the stomach. A 
decompression tube into the transplant, a gastros-
tomy tube, and a jejunal feeding tube are placed 
through it [ 5 ]. 

 The gastric tube is an excellent substitute to 
the esophagus with a reliable blood supply, better 
than the colon. We never encounter the complica-
tion described of a leak along the long suture line. 
Possibly, this was true at the era of hand sewing, 
but not anymore with careful stapling. However, 
a major problem is related to the position of a 
previously done gastrostomy along the greater 
curvature, interrupting the gastroepiploic artery. 
We had to deal with several redo esophageal 
replacements for severe stenosis of the upper part 
of gastric tubes because the surgeons had closed 
gastrostomies along the curvature to build their 
tubes. When performing a gastrostomy for caus-
tic stenosis, it is wise to place it far away from the 
greater curvature, just in case a tube could be 
done. Even with an apparently intact 
 gastroepiploic artery, defects in its continuity 

  Fig. 13.3    The anti-refl ux wrap for colonic transplant [ 49 ]       
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have been shown on cadaver studies by Koskas 
and Ndoye [ 52 ,  53 ]. 

 Because a part of the stomach has been used, 
an anti-refl ux wrap is not possible. Thus, the 
gastric tube has the disadvantage of an associ-
ated gastroesophageal refl ux with subsequent 
possible ulcer. The long suture carries the risk 
of progressive dysfunctional propulsion. It 
appears to act purely as a passive conduit. The 
volume of the stomach, reduced at the begin-
ning, grows with time. The gastric tube keeps its 
tubular shape without developing dilatation as 
the colon does.  

   Gastric Pull-Ups 
 In the last two decades, the gastric pull-up 
became predominant after the works of Sweet 
(1948) in adult patients with esophageal cancer 
[ 54 ] and Spitz in children (1984) [ 55 ]. 
Discouraged by the long-term results of colonic 
transplants at his institution, Spitz reintroduced it 
for esophageal atresia at fi rst. 

 The gastric pull-up involves mobilization of 
the entire stomach, creating a space in the medias-
tinum and achieving only one anastomosis in the 
neck with the cervical esophagus. However, they 
are three additional sutures to close the gastros-
tomy, to close the esogastric junction, and to per-
form a pyloroplasty. The patient is positioned 
supine with the neck, chest, and abdomen pre-
pared and draped. A midline laparotomy is done, 
and the gastrostomy is taken down and closed. 
The stomach should be totally freed from adhe-
sions: the gastrocolic ligament with the short gas-
tric vessels should be carefully divided as well as 
the gastro-hepatic omentum. The right gastroepi-
ploic artery is preserved and the left one is divided. 
This may imply the removal of the spleen. The 
gastroesophageal junction is closed with two lay-
ers of sutures. The stomach has to be completely 
freed, preserving the blood supply via the right 
gastric artery and the right gastroepiploic vessels. 
The stomach is brought to the neck through the 
mediastinum. Extra length can be obtained by the 
addition of a Kocher maneuver or by some other 
improvements of the technique such as an addi-
tional Collis procedure [ 56 ]. The esophagus is 
sutured to the fundus of the stomach using a sin-
gle layer of full-thickness interrupted sutures. 
This gives the longest possible conduit [ 57 ]. 

 The vagus nerves are divided bilaterally dur-
ing the gastric pull-up, so most authors recom-
mend a Mikulicz pyloroplasty. However, Cowles 
advocates for an extramucosal pyloromyotomy 
considering that a formal Mikulicz pyloroplasty 
is placed under tension when the conduit is pulled 
into the neck and a pyloromyotomy is suitably 
effi cient. A feeding jejunostomy should be done 
for the postoperative period [ 57 ]. 

 The gastric pull-up requires a single cervical 
anastomosis, and the conduit has an excellent 
blood supply. However, the closures of the gas-
trostomy, of the esogastric junction, and of the 
pyloric procedure are at risk of leak in case of 
gastric distension [ 18 ]. 

 Hirschl found no deaths in 41 patients operated 
on between 1985 and 2002, but a high  incidence 
of leaks (36 %) and strictures (49 %) was noted 
[ 58 ]. In a large, single-center updated series of 
192 gastric pull-ups over a 25-year period, Spitz 

  Fig. 13.4    Reversed gastric tube vascularized by the left 
gastroepiploic artery [ 50 ]       
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reported no transplant failure but 5.2 % deaths. 
Morbidity is not unusual and includes cervical fi s-
tula (12 %), anastomotic strictures (19.6 %), swal-
lowing dysfunctions (30.6 %), and delayed gastric 
emptyings (8.7 %) [ 59 ]. Even an intrathoracic vol-
vulus has been reported [ 60 ]. In his most recent 
review, Spitz reports on 236 gastric transpositions 
with a mortality rate of 2.5 %, leak rate of 12 %, 
and stricture of 20 % [ 61 ]. 

 For the sake of comparison, from 1989 to 
2014, we performed 280 esophageal replace-
ments (included redo procedures for referred 
patients) using either the colon or a gastric tube 
(but no gastric pull-up): no deaths were observed 
and no transplant was lost. The complications 
were cervical leaks in 6 % (all of which resolved 
spontaneously within a few days), proximal ste-
nosis requiring 1–12 dilatations (and two enlarge-
ment surgeries, see below) in 24 %, and 16 % 
refl uxes in the transplants [ 5 ]. In 2009, Tovar 
reviewed his series of 33-year median follow-up 
of 65 patients with colonic interpositions, report-
ing 9 % deaths. Patients experienced mild symp-
toms of refl ux (43 %), scoliosis, (22 %), and some 
other complications [ 22 ]. 

 Gastroesophageal refl ux is a major problem 
encountered by 25–30 % of patients with gastric 
transplants with acid and/or biliary refl ux even if 
pyloroplasty is not carried out. The prevalence of 
refl ux esophagitis in the upper native esophagus 
when the stomach is used as a substitute ranges 
from 30 to 78 %. It should be pointed out that the 
gastric conduit is aperistaltic and surgically 
denervated even if studies have shown mass con-
tractions of the body of the stomach without any 
obvious rhythmic peristaltic contractions [ 62 ]. 

 Another major problem is related to the vol-
ume of the stomach in the chest of small chil-
dren that compromises the lung function and the 
venous return. We were involved in undoing 12 
gastric pull-ups for life-threatening events, and 
possibly some of the reported deaths were 
related to that. According to Newman, reports 
suggest that several patients undergoing gastric 
pull-up in the 1960s required colon transposi-
tion in the 1980s because of lung problems 
associated with chronic acid refl ux, aspiration 
pneumonia, and compression by the dilated 
intrathoracic stomach [ 50 ]. 

 Parilli has described a modifi cation of the gas-
tric pull-up (TEGPUL), performed by transhiatal 
laparoscopy, without pyloroplasty or pyloromy-
otomy, bringing the transplant through the distal 
esophagus. It has been successfully done on ten 
children for esophageal atresia and seems prom-
ising, but studies with a larger number of patients 
and longer follow-up are needed [ 40 ].  

   Small Bowel Interpositions 
 Several techniques have been tried using either 
jejunum or ileum on their pedicles [ 63 – 66 ]. Bax 
reports a series of 19 cases done between 1988 
and 2005 for esophageal atresia at a mean age of 
76 days with no necrosis [ 66 ]. 

 The vessels of the jejunum are built in short 
arcades with no long unique artery. As to get a 
segment of jejunum with a long pedicle, the fi rst 
jejunal branches of the mesenteric vessels are 
divided close to the upper mesenteric artery. The 
jejunum is transected between the fi rst and the 
second loop to allow for reanastomose. After 
careful measurement of the transplant length, a 
pedicle is created by withdrawing a segment of 
jejunum distal to the transplant. The resection has 
to be very close to the removed segment as to 
avoid any damage to the vascular arcade. Then 
the transplant is brought to the upper esophagus 
and sutured. In most studies, jejunal transplants 
are anastomosed directly to the stomach 
[ 64 – 66 ]. 

 Jejunal interpositions are scarcely used in 
children as blood vessels are thin and frequently 
compromised. According to its vascular disposi-
tion, the jejunal transplant requires the with-
drawal or a greater length than needed to divide 
the vascular arcades and to allow curves in the 
jejunum to be straightened [ 2 ,  63 ,  67 ] (Fig.  13.5 ). 
Furthermore, the jejunum is fragile to the erosion 
of acid, so the jejunum should not be the fi rst 
choice. However, we have used the jejunum as a 
rescue transplant for referred patients after the 
failure of colonic or gastric transplant as did 
Simms [ 65 ].

   The use of jejunal transplant in children is one 
of the most diffi cult procedures for esophageal 
replacements. It is a demanding surgery with 
considerable morbidity that requires a great 
expertise to achieve acceptable results.  
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   Free Grafts and Patches 
 In some circumstances, it can be interesting not 
to replace the whole esophagus or to widen a 
short segment as adults are used to do for cervical 
cancers. For instance, after ischemic stenosis of a 
segment of transplant, when the rest of the trans-
plant remains usable, it could be wise to replace 
only the stenotic segment [ 5 ,  65 ,  67 ,  68 ]. 

 In those cases, a free graft of jejunum (or of 
ileum or colon) can be used in the neck or the 

upper thorax with microvascular anastomosis on 
the facial or superior thyroid arteries. The vascu-
larized segment can be used as a circular inter-
poned graft or as a patch. In the latter, after a 
careful identifi cation of the level of the stenosis 
by endoscopy, the stricture is open longitudinally. 
Then the vascularized graft is tailored as a 
diamond- shaped patch and sutured to the mar-
gins of the open esophagus. A soft suction tube is 
left for a week at the level of the patch to prevent 

a

b

  Fig. 13.5    Jejunal transplant: ( a ) pediculated jejunal transplant; note the unused segment with a greater length than that 
of the transplant ( b ) [ 66 ]       
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a leak. We used successfully four free jejunal 
grafts with microanastomosis, measuring from 2 
to 4 cm, for short stenosis of the cervical esopha-
gus or after recurrent stenosis of the proximal 
anastomosis of transplants [ 5 ].    

13.5.4     Pharyngeal-Associated Burns 

 Burns from ingestion of caustic agents may 
include the oral, pharynx, and larynx as well. 
Combined lesions of the esophagus and the phar-
ynx represent a challenging problem. Among 285 
replacements performed for caustic burns since 
1989, 25 children had associated pharyngeal 
burns with partial or total destruction of the epi-
glottis, pharyngo-laryngeal stenosis, and/or 
obstruction of one or both pyriform sinuses with 
variable severity including total closure of the air-
ways in four cases. In spite of severe narrowing of 
the airways related to subglottic diaphragm with 
respiratory impairment, only three had tracheos-
tomies when referred. However, they all had intact 
vocal cords. This is the most important point. The 
closure refl ex of laryngeal vestibule during acci-
dental ingestion of caustic materials acts as a pro-
tective measure at the level of the larynx [ 5 ,  69 ]. 
For those unusual very diffi cult cases, we proceed 
in a one-stage reconstruction of the larynx and of 
the esophagus. At the beginning of the procedure, 
the ENT surgeons (Prof. Ph. Monnier) resect 
totally the pharyngo- epiglottic stenosis and the 
scarring bands with C02 laser under suspension 
micropharyngoscopy. This allows the resection of 
the two pyriform sinuses with excellent homeo-
stasis and locates exactly the place where the 
transplant should be brought. 

 Then a one-stage esophagoplasty is done 
using an isoperistaltic colonic interposition or a 
gastric tube associated with an endoscopic pha-
ryngoplasty, the proximal anastomosis being 
done at the level of the arytenoids on the larynx 
and somewhat higher in the oropharynx posteri-
orly. Thus, the proximal end of the transplant is 
3–5 mm from the vocal cords. A long stay in the 
pediatric intensive care unit (PICU) is needed 
after surgery because of possible pharyngeal and 
pulmonary complications, in spite of 
tracheostomies. 

 All but one child were able to recover normal 
swallowing within 2–6 months. After this time, 
they did not present with aspiration during the 
day once the tracheostomy was closed. It took 
3–12 months until they stopped coughing at 
night. During this period, pulmonary aspirations 
were frequent, and a high rate of pneumonias 
(from 1 to 5 per child) was noted. With a follow-
 up ranging from 1 to 10.6 years, all children are 
healthy eating and breathing normally. 

 We believe that very proximal pharyngeal 
anastomosis of esophageal replacements can be 
attempted as long as children have no impairment 
of vocal cord mobility by glottic scars or lesion to 
the laryngeal recurrent nerve. However, the reha-
bilitation is very long until they learn how to 
occlude their larynx and swallow with their vocal 
cords. During this time, aspirations and subse-
quent pneumonia are frequent. Regardless to the 
used transplant, there is an important difference 
in those where the proximal anastomosis is done 
a few centimeters below the upper esophageal 
sphincter or if it has been destroyed.   

13.6     Postoperative Period, 
Complications, 
and Follow-Up 

13.6.1     Postoperative Period 

 The patients leave the operating theater with sev-
eral equipments: 

 We place a low-pressure suction tube into the 
transplants to avoid their postoperative distension. 
We believe that most vascular problems are not 
related to the arterial supply but due to venous stasis. 
Defl ating the transplants improves venous return. 

 The children cannot eat postoperatively, some-
times for an extended period, so we avoid total 
parenteral nutrition placing gastrostomies in all 
cases. It is used to defl ate the stomach while the 
gastric sutures heal and a transpyloric jejunal tube 
is placed through it to feed the child promptly. 

 Intraoperatively, we always place a non- 
resorbable never-ending thread through the nose, 
the throat, and the transplant and exteriorized 
through the gastrostomy. This never-ending 
thread is left in place for months. It can be used to 
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replace a probe in the transplant if needed, with-
out the risk of perforation related to blind intro-
duction in a tortuous conduit. Furthermore, it 
gives the advantage of safe dilatations, using the 
Tucker-Rehbein bougies for the same reasons. 

 Postoperative care demands a stay in the PICU 
because of pharyngeal and pulmonary respiratory 
possible complications. For these reasons, we 
keep our patients intubated for a period of 2–5 
days as the dissection in the neck can create an 
important edema of the upper airways. We ask 
the intensivists to administer adequate fl uids and 
sometimes amines during the fi rst 24 h, to main-
tain a mean arterial pressure as high as possible, 
thereby avoiding a poor perfusion in the 
transplant. 

 An esophagogram is performed between day 
7 and day 14 related to the diffi culty of the 
 procedure. This is done per os but also through 
the tube left in place in the transplant to fi ll it 
completely, as children do not have a suffi cient 
oral intake at that time. If no leak appears, the 
tube is removed and the child is allowed to eat 
soft food. Should a leak occur, the tube is left in 
place under soft suction for another week.  

13.6.2     Complications 

 The most frequent short- and long-term compli-
cations of esophageal replacements are stenosis 
and leaks of the proximal anastomosis. We have 
had, respectively, 33 % and 8 % of them 
(Table  13.4 ). Leaks at the proximal anastomosis 
occur even when the transplant is well vascular-
ized and the suture line free of tension on an 
intact proximal esophagus. We believe they are 
related to ischemia of the farthest end of the 
transplant. A slight ischemia seems to be related 
to venous stasis rather than poor arterial supply, 
as evidenced by the fact that a straighter trans-
plant would give better results with less leak and 
stenosis than a tortuous one.

   The same explanation can be ascribed to ste-
nosis of the proximal anastomosis but may fol-
low persistent ischemia. We noticed that all 
patients with a leak of the proximal anastomosis 
required dilatations. 

 Two children developed cervical stenosis 
3 months after the replacements, and two others 
developed cervical stenosis 3 years and 5 years 
after the surgery even though the radiological, 
endoscopic, and surgical aspects were normal 
and they were already eating. They were proba-
bly related to a recurrent hypertrophic healing 
process, induced by the surgical procedure and/or 
by subsequent oral feeding. These recurrences 
raise the question how long these children should 
be kept under observation. 

 Other complications are summarized in 
Table  13.4 .  

13.6.3     Long-Term Follow-Up 

 We have a long-term follow-up for 69 % of our 
patients with a mean long-term follow-up of 
8.6 years. All patients are eating normally, with 
no failure to thrive and no growth retardation. 
Most children or their parents have no com-
plaints. Those who are now adult lead a normal 
life. Nevertheless, many children experience 
noisy breathing and coughing refl uxes and have 
acquired strange eating habits, for instance, 
drinking between each bite. 

    Table 13.4    Complications   

 Complications  Nb  % 

 Stenosis (upper anastomosis)  67  24 
 Stasis in transplant  45  16 
 GER  41  14 
 Leak-fi stula  17  6 
 Pyloric spasm-delayed gastric emptying  12  4 
 Occlusion  6  2 
 Redundant transplant  4  1 
 Septicemia  4  1 
 Severe bronchospasms  3  1 
 Transplant too long – kinking  3  1 
 Chylothorax  2  1 
 Tamponade  2  1 
 Tracheomalacia  2  1 
 Transient left phrenic nerve palsy  1  <1 
 Ulcer in transplant (gastric tube)  1  <1 
 Cervical abscess  1  <1 
 Transplant necrosis  0  0 
 Death  0  0 
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 Lima has published a long follow-up review 
of 72 patients having had a colonic esophageal 
replacement, regarding their general conditions, 
functional outcomes, and quality of life. The 
mean follow-up was 345 months (range 180–
552 months). The working activity for those 
who were concerned was good: 64 patients 
(89 %) did not feel that surgery infl uenced their 
daily work activity, and four patients (6 %) had 
minor diffi culties. Regarding daily life activity, 
60 patients (83 %) had no limitations, and seven 
patients (10 %) had minor diffi culties. Thirty-
six patients (50 %) complained of clinical symp-
toms. This can be related to the 71 % suffering 
from gastroesophageal refl ux and 35 % using 
daily pharmacological therapies. About 30 % 
complain aesthetic result of the surgery. He con-
cludes that esophageal replacements are major 
procedures associated with a low mortality rate 
and have an acceptable benefi t-to-risk ratio. The 
long-term results show that quality of life is 
acceptable even if adolescents are unsatisfi ed 
with aesthetic results [ 70 ]. 

   Conclusions 

 According to Cowles and Coran, the “ideal” 
esophageal replacement conduit for children 
should (a) be long lasting, (b) be associated 
with minimal refl ux, (c) be technically feasible, 
(d) not affect cardiac or pulmonary function, 
and (e) allow oral consumption of nutrition 
[ 33 ]. With a personal experience of more than 
280 esophageal replacements during 24 years, I 
still don’t know which is the best procedure, 
and my perplexity increases when I read stud-
ies such as the one by Pierro [ 46 ]. 

 Our belief remains that a successful 
replaced esophagus does not behave as a nor-
mal one. The best esophagus for a child is his 
own one. Everything has to be done to pre-
serve it and esophageal replacement should be 
last resort.       
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      Pyloric Stenosis                     

     Olivier     Reinberg    

14.1          Introduction 

 Infantile hypertrophic pyloric stenosis (IHPS) is 
a mechanical obstruction of the gastric outlet, 
due to a simple benign hypertrophy and hyper-
plasia of the smooth muscle fi bers of the pylorus. 
The result is a narrowing and elongation of the 
pyloric channel. The origin remains unknown 
more than a century after the fi rst treatments. 

 Gastric outlet obstructions in infants have 
been described several times (Fabricius Hildanus, 
1627 [ 1 ]; Patrick Blair, 1717 [ 2 – 4 ]; Christopher 
Weber, 1758 [ 5 ]; George Armstrong, 1777 [ 6 ,  7 ]; 
H. Beardsley, 1788 [ 7 ,  8 ], Williamson, 1841 [ 9 ], 
Siemon-Dawoski, 1842 [ 10 ]) before the fi rst 
unequivocal modern description of IHPS in 1887 
by the Danish Harald Hirschsprung who gave 
complete clinical details and accurate pathologi-
cal fi ndings [ 9 ,  11 ,  12 ] and then by Sir William 
Osler, from Ontario, Canada, in 1903 [ 13 ]. 
Probably the fi rst successful surgical attempt to 
solve the problem was by Pietro Loreta from 
Bologna in 1887 [ 14 ]. He described an antral 
opening to dilate the pylorus from the stomach. 
Then several procedures were performed, such as 
a gastroenterostomy by Lobker in 1898 on a 10 
weeks old infant. The surgical treatment still in 
use today is an extramucosal pyloromyotomy 

(EMP) which bears the names of Fredet-Weber- 
Ramstedt, referring to those who were supposed 
to have done it fi rst. However, the procedure per-
formed in 1907 by Pierre Fredet was an extramu-
cosal pyloroplasty [ 15 ,  16 ]. In 1910 Weber did an 
extramucosal splitting of the muscle followed by 
a transverse suturing [ 17 ], and on August 23, 
1911, Conrad Ramstedt (also written Rammstedt, 
due to a misspelling of his name) performed an 
EMP leaving the two muscular margins free, but 
covered the myotomy with an omentoplasty [ 18 ]. 
So the fi rst true EMP was done in Edinborough 
on February 7, 1910 by Sir Harold Stiles as 
attested by his original operating report (thanks 
to Gordon McKinley). However, he did not report 
it at that time, and the date and records of his 
operation were published by Mason Brown only 
in 1956 [ 19 ].  

14.2     Epidemiology 

 Infantile hypertrophic pyloric stenosis (IHPS) is 
the most common cause of vomiting in the post-
natal period, occurring with a prevalence rate of 
≈2 per 1000 live births in Europe and North 
America, predominantly in boys compared to 
girls (4:1 up to 5:1). IHPS is less frequent in chil-
dren of African or Asian origin [ 20 – 23 ]. In 1927, 
Still already noticed that it is more frequent in the 
fi rstborn [ 4 ,  24 ], but this point is debated by epi-
demiologists [ 25 ]. A decline in the incidence of 
IHPS has been reported over the past two decades 
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in Northern European countries and the United 
States [ 20 ,  25 – 28 ]. Decreases in rates of IHPS 
were observed among foreign-born Hispanics 
and foreign-born Asians, but not among their 
US-born counterparts, suggesting an environ-
mental origin [ 22 ]. 

 In a case-control study, Svenningsson reports 
cesarean section, prematurity, primiparity, 
young maternal age as signifi cant risk factors 
for IHPS [ 28 ]. 

 IHPS affects infants between 3 and 8 weeks. 
The mean age at diagnosis is about 40 days; 95 % 
of the cases being diagnosed between age 2 and 
11 weeks [ 25 ]. However, delayed cases up to 4 
years of age have been reported [ 29 ]. 

 On the other hand, prematurity is associated 
with a higher rate of IHPS than term babies [ 25 ]. 
Premature infants develop IHPS at a later chron-
ological age, than term infants [ 30 ] and have a 
higher female preponderance [ 31 ], the sex-ratio 
in preterm being nearly 1:1 [ 25 ]. Small weight 
for gestational age babies have also a signifi -
cantly higher rate of pyloric stenosis compared 
with heavier infants [ 25 ].  

14.3     Etiology 

 More than a century after its fi rst description, 
IHPS remains a disease of unclear origin. IHPS 
can occur as an isolated disease, but it is also well 
established that it can be associated with chromo-
somal abnormalities, congenital malformations, 
and clinical syndromes, which indicate a genetic 
involvement associated with environmental fac-
tors. However, no causal gene or sequence vari-
ant has been identifi ed to date and the 
pathophysiology at a molecular level remains 
unclear [ 32 ]. 

14.3.1     Genetic Factors 

 The cases of IHPS reported by Armstrong in 
1777 were three siblings [ 6 ]. Recurrence risk in 
families and twin studies [ 33 ,  34 ] provide a high 
suspicion of a genetic origin, even if debated 
[ 32 ]. Yang recommends that the asymptomatic 

co-twin should be investigated when one of the 
twins presents with IHPS [ 33 ]. Carter fi rst dem-
onstrated non-syndromic pyloric stenosis as a 
complex, multifactorial, sex-modifi ed threshold 
trait [ 35 ,  36 ]. A reanalysis by Mitchell of data 
from several studies concluded that IHPS is 
determined by two or three loci of moderate 
effect conferring individual genotype relative 
risks of up to 5 [ 37 ]. To date fi ve genetic loci 
(IHPS1 to IHPS5) have been identifi ed. IHPS1, 
which encodes the enzyme neuronal nitric oxide 
synthase (NOS1), was considered as a possible 
evidence that a defect in nitric oxide production 
may play a role in the etiology of IHPS. However, 
the evidence for linkage and association is weak 
and has not been confi rmed. Two other loci, 
IHPS2 (16p13-p12) and IHPS5 (16q24.3), have 
been identifi ed, suggesting autosomal dominant 
inheritance [ 38 ,  39 ]. A genome-wide single 
nucleotide polymorphism (SNP) identifi ed 
IHPS3 on chromosome 11q14–q22 and IHPS4 
on Xq23 [ 40 ]. Further analysis provided sugges-
tive evidence for a third locus on chromosome 
3q12–q25 [ 41 ]. 

 Seven percent of children with IHPS had a 
major malformation compared with 3.7 % of the 
general population [ 20 ]. IHPS is associated with 
many clinical syndromes that have known caus-
ative mutations, such as Cornelia de Lange and 
Smith-Lemli-Opitz syndromes, chromosomal 
abnormalities, including translocation of chro-
mosome 8 and 17, and partial trisomy of chromo-
some 9. An extensive detailed up-to-date review 
of what we know in the genetics, the molecular 
studies, and the metabolic studies in IHPS has 
been published by Peeters et al. [ 42 ].  

14.3.2     Environmental Factors 

 A variety of environmental and mechanical fac-
tors have been implicated in the occurrence of 
IHPS. Sleeping position, maternal smoking, and 
postnatal erythromycin administration are the 
most commonly evocated factors [ 21 ,  32 ]. 

 In several studies, the rate of IHPS is higher in 
infants of smoking mothers than among infants 
of nonsmoking mothers [ 25 ,  28 ]. 
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 Sharp decline in the incidence of IHPS in 
Denmark and Sweden, during the 1990s, coin-
cides with successful campaigns to discourage 
the prone sleeping position as a prevention of 
sudden infant death syndrome. This led to the 
hypothesis that sleeping prone may be a risk 
factor for IHPS [ 21 ,  32 ]. This could be related to 
the place where the milk accumulates in the 
stomach according to the position. However, a 
similar German study concluded that a common 
cause was unlikely [ 27 ]. 

 Several studies have suggested an increased 
risk of IHPS following child exposure to eryth-
romycin in the postnatal period, but not through 
the mother pre- or post birth. Erythromycin is 
known for its prokinetic effects mediated by its 
action as a motilin receptor agonist, which 
could affect gastric motility and/or pyloric con-
traction [ 43 – 45 ]. 

 The diet itself could play a role as it seems that 
formula feeding is associated with signifi cantly 
increased risk of IHPS compared to breastfed 
children [ 46 ]. The development of a delayed 
pyloric stenosis during transpyloric feedings has 
also been reported [ 47 ,  48 ].   

14.4     Physiopathology 

 IHPS results in an important thickening of the 
muscular lays of the pylorus. The enlarged pylo-
rus becomes longer and thicker. This enlarge-
ment impairs the normal release of the pyloric 
sphincter thus occluding the lumen and realizing 
a gastric outlet obstruction with subsequent vom-
iting failure to thrive and dehydration. 

 The pyloric sphincter function involves intrin-
sic myogenic activity of the smooth muscle, the 
interstitial cells of Cajal (ICC) which play a role 
of intestinal pacemaker, gut hormones, and the 
autonomic and enteric nervous systems. 
Associated to IHPS, abnormalities have been 
observed in gastrin levels, enteric nerve termi-
nals, nerve supporting cells, ICC, smooth muscle 
cells, growth factor synthesis and receptors, and 
extracellular matrix [ 49 ]. But the major hypoth-
esis is that a primary defect in production of nitric 
oxide (NO) by nitrergic nerves of the enteric ner-

vous system leads to failure of relaxation of the 
pyloric smooth muscle [ 50 ,  51 ]. Abel brought 
evidence that nitric oxide synthase (NOS) has 
been implicated in the pathogenesis of IHPS, 
since NOS expression is diminished in both cir-
cular and longitudinal muscles, as well as in the 
myenteric plexus [ 52 ]. Looking for the ontogeny 
of the peptide innervation of the pylorus, Abel 
reports that NOS and vasoactive intestinal poly-
peptide (VIP) are colocalized to the same nerves 
in the circular muscle and in the myenteric 
plexus; they are diminished by the same propor-
tion in IHPS; so he concluded that the initial 
lesion occurs by 12 weeks of gestation and could 
be the increment in vasoactive intestinal polypep-
tide (VIP) in pyloric myenteric ganglia [ 50 ,  52 ].  

14.5     Clinical Presentation 
and Diagnosis 

 Non-syndromic IHPS affects normally fed 
healthy children. The story begins with gradually 
increasing non-bilious vomiting becoming pro-
jectile. The vomiting and the inability to be fed 
lead to dehydration with associated physical 
signs: loss of weight, skin fold, depressed fonta-
nel, dry mucosa, oliguria, and constipation. 
Children are hungry and are eager for more to eat 
without nausea. Given a test meal, visible gastric 
peristalsis may be seen when the child lays 
supine. 

 The palpation of the pylorus is often possible 
for an experienced examiner. The pylorus must 
be searched for on the midline just below the 
edge of the liver. It can be felt as an olive, hence 
the world “pyloric olive.” It was described in 
1923 by Sir G. Frederic Still (1868–1941), who is 
considered to be the “Father of British pediatrics” 
[ 24 ], as “a small barrel-shaped hard tumor (…) 
varying in size from the thickness of an ordinary 
lead pencil up to that of a hazelnut” or “as hard as 
a calcareous gland” [ 3 ,  24 ]. The term “olive” was 
given by Ladd in 1946 [ 53 ]. The palpation of an 
olive has a 99 % positive predictive value [ 54 ]. 

 The patient history, the clinical conditions, 
and the abdominal palpation of a pyloric olive 
allowed for a diagnosis of IHPS. Historically, the 
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diagnosis of IHPS was only made by clinical his-
tory and physical examination. By the years 
1930s, as radiology improved, the upper gastro-
intestinal (UGI) came to support diagnosis of 
IHPS. Today ultrasounds (USs) have replaced 
UGI. However, UGI can still be used in some 
unusual circumstances or places where US is not 
available. Then an isotonic hydrosoluble contrast 
media should be preferred to the old barium 
meal, in case of aspiration in a vomiting child 
[ 55 ]. The radiological signs of IHPS are gastric 
retention, parenthesis shape of the antrum 
(“shoulder sign”) ending with a “beak sign” (the 
narrowed gastric antrum entering the pylorus), 
and lengthening of the pylorus with the typical 
“double-track” sign, or even triple (small trickle 
of contrast in the thickened and elongated 
pylorus). 

 The fi rst diagnostic use of ultrasounds (USs) 
for IHPS was done by Teele and Smith in 1977 
[ 12 ,  56 ]. Today in almost all pediatric medical 
centers, the high-resolution, real-time US is the 
modality of fi rst choice to confi rm the diagnosis 
of IHPS [ 12 ]. It is a noninvasive technique not 
using ionizing radiations. It is commonly avail-
able with relatively low cost. Ultrasounds have 
accuracy and sensitivity approaching 100 % [ 57 ]. 
False-positives are rare. However, the distended 
stomach fi lled with gas can rotate the pylorus 
dorsally, thus resulting in its diffi cult localization 
and measurements. Thus it requires appropriate 
equipment, expertise, and clinical experience to 
produce best results [ 12 ]. 

 The positive US diagnosis is based on pre-
cise measurements of canal length and muscle 
thickness. A pylorus is considered hypertro-
phic when the single hypoechoic muscle layer 
measured transversely exceeds 3 mm [ 57 – 63 ]. 
There is some variability for pyloric channel 
length criteria ranging from 14 to 17 mm in 
literature, as the pyloric canal lengthens with 
age [ 58 – 63 ]. 

 US diagnosis can be diffi cult in infants below 
3 weeks or preterms because of the thin pyloric 
muscle thickness [ 57 ]. However, it seems that the 
normal values are not affected by weight, cor-
rected gestational age, or duration of symptoms 
[ 31 ]. When in doubt, repeated US within 1 or 2 
days can be an issue.  

14.6     Preoperative Management 

 IHPS is a medical emergency. The vomiting 
associated with IHPS leads to depletion of 
sodium, and hydrochloric acid, thus resulting in 
hypochloremic metabolic alkalosis that can be 
partially compensated by a respiratory acidosis. 
Anesthesia and surgery on an infant in poor met-
abolic condition can be harmful. Because IHPS is 
not a surgical emergency, the hypochloremic 
metabolic alkalosis should be corrected before 
surgical intervention with adequate fl uid and 
electrolyte IV replacement. This can require a 
few days. As the potassium is mostly intracellu-
lar, its loss may not appear immediately in the 
kalemia. However, it must be anticipated [ 64 ].  

14.7     Surgical Treatment 

 The surgical procedure used to relieve the pyloric 
obstruction remains the extramucosal pyloromy-
otomy (EMP) as described more than a century 
ago. The pyloric serosa is open longitudinally 
with a blade on its avascular part. Then the thick 
muscle is split using a smooth grasper or a pyloric 
spreader, until the mucosa is exposed and bulges 
out between the muscular edges. It is essential to 
ensure total opening of the pylorus. Most of the 
“recurrences” are incomplete myotomies. The 
splitting of the muscle has to run from the gastric 
antrum to the pyloroduodenal junction. This is 
the most dangerous point. At this very place, the 
mucosa comes up as the muscular wall becomes 
suddenly thinner, bearing a risk of mucosal per-
foration (Fig.  14.1 ). For this reason the surgical 
procedure must end with a search for potential 
perforation, using gas insuffl ation in the stomach 
via a gastric tube. Bubbles appearing on the 
pyloric mucosa evidence a leak. A perforation 
per se is not a major problem as long as it is 
immediately recognized and sutured. It will only 
differ the fi rst postoperative meals.

14.7.1       Open Surgery 

 If EMP has not evolved over time, the surgical 
access has changed substantially. The initial 
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open approach was a midline laparotomy, 
which has moved toward a transverse laparot-
omy and then a smaller transrectal (from the 
rectus abdominis) approach in the right upper 
quadrant. A fi rst major change toward minimal 
invasive surgery was suggested by Bianchi, 
with a circumumbilical approach, which rap-
idly spreads among pediatric surgeons [ 65 ]. 
Tan and Bianchi described in 1986 a semicircu-
lar supraumbilical skinfold incision leaving an 
almost invisible scar. Through this minimal 
incision, the pylorus is palpated, seized with a 
Babcock clamp, and delivered through the 
umbilicus to perform the EMP out of the abdo-
men. Somehow it can be diffi cult to bring out a 
big fi rm pylorus. Then the aponeurotic fascia 
must be open longitudinally on the midline as 
far as needed, to allow easy extraction. Once 
the EMP is done, the fascia is sutured. The tran-
sumbilical incision for EMP allows excellent 
access to the pylorus, while leaving an almost 
undetectable scar. 

 Modifi cations of the Bianchi’s umbilical 
approach were suggested by some authors. As 
there are some obvious technical diffi culties in 
delivering a large pyloric tumor through the 
umbilicus even after opening the midline fascia, 
instead of bringing the pylorus out through the 
umbilicus with subsequent traction, the pylorus 
is kept in situ and the EMP is performed intra-
corporeally [ 66 – 69 ]. To stabilize the pylorus 

and draw it up just under the umbilical wound, 
suspension threads are placed in the hypertro-
phic muscle [ 67 ,  69 ].  

14.7.2     Laparoscopic Pyloromyotomy 

 One of the fi rst laparoscopic procedures even done 
in children were pyloromyotomies performed by 
Dominique Grousseau and Jean-Luc Alain from 
Limoges, France, in 1989, and published fi rst in 
French in 1990 [ 70 ] then in English with ten cases 
in 1991 [ 71 ]. The technique was long to gain pop-
ularity but by some pediatric surgeons involved in 
pediatric minimal invasive surgery. 

 Initially three ports were used: a 5 mm in the 
umbilicus for the telescope, using the Hasson’s 
open technique, and two 3 mm for instruments, one 
on the midline, the second on the right midclavicu-
lar line just below the liver. The pylorus was caught 
in a Babcock grasper. The pyloric serosa was 
opened longitudinally on its anterior face using a 
3-mm retractable knife. Then the pyloric muscle 
was split with a laparoscopic pyloric spreader. 

 The laparoscopic EMP has evolved toward 
simpler technique. Nowadays, only one 5-mm 
port is placed in the umbilicus and none for the 
instruments. As the left hand is used only to seize 
the pylorus, the instrument is left in place from 
beginning to end and do not require a port. As it 
appeared diffi cult to grab the big fi rm pylorus 

a b

  Fig. 14.1    Drawing of the hypertrophic pylorus showing the dangerous place where the mucosa comes up as the mus-
cular wall becomes suddenly thinner       
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with a small Babcock grasper, today we use a 
smooth Johann grasper placed transversally on 
the duodenum just below the pyloroduodenal 
junction. This allows to lift up or to rotate the 
pylorus with a good exposure of the pyloroduo-
denal junction. A small 2–3-mm disposable knife 
(designed for ophthalmology or for arthrotomies) 
is inserted through the skin on the midline just in 
front of the pylorus. The blade is not pushed 
down to the pylorus, but the pylorus is lifted up 
toward the blade. Then the wound site is used to 
insert a smooth 2 or 3-mm grasper (Johann, 
Maryland) to split the muscle. The use of one of 
the specially designed pyloric spreaders is help-
ful but not mandatory. 

 There are no contraindications to laparoscopic 
IHPS. However, prematures bear a risk of cere-

bral bleeding due to the elevation of pressure in 
the superior vena cava related to insuffl ation, 
even done at a low pressure (5–6 mmHg). 
Children with cardiac defect shunting from left to 
right could embolize in their brain and therefore 
should be recused for laparoscopy as those with 
lung anomalies (Figs.  14.2  and  14.3 ).

14.7.3         Which Is Better: Lap or Open? 

 We have had to wait for more than a decade until 
data were available to compare open with laparo-
scopic EMP (lap). 

 The French team of Nantes has performed a 
randomized prospective study of respectively 50 
EMPs done by laparoscopy with 52 open. The 

a

b

  Fig. 14.2    ( a ,  b ) 
Ultrasounds of 
IHPS. Measures are 
taken between calipers + 
and X. The lamina 
muscularis mucosae 
appear as a white stripe 
in the thick muscle. Note 
the dilated stomach fi lled 
with echoes       
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durations of surgery and anesthesia were longer 
in the lap group. There was no difference in the 
incidence of  postoperative vomiting, and the 
complications were similar (1 perforation each ie 
1 %; 2 wound complications open versus 1 lap ie 
3 %; 3 incomplete myotomies after lap ie 3 %) but 
signifi cantly with less pain in the lap group 
( p  < .0001) [ 72 ]. 

 A multicenter international double-blind con-
trolled trial across six tertiary pediatric surgical 
centers has been published with 180 infants ran-
domly assigned to open ( n  = 93) or laparoscopic 
EMP ( n  = 87) [ 73 ]. Complications were similar 
(17 vs 15). All perforations (1 vs 2) and the 3 
incomplete myotomies by laparoscopy were done 
by nontrainees. Full oral feeding was achieved 
faster in the lap group ( p  = .002); there were less 
pain in the lap group ( p  = .011); and the postopera-
tive hospital stay was shorter in the lap group 
( p  = .027). The postoperative vomiting and com-
plications were similar. The parental satisfaction 
was higher for the lap group ( p  = 0.011). The 
design of the study was to recruit 200 infants (100 
per group). However, the data monitoring and eth-
ics committee recommended halting the trial 
before full recruitment because of signifi cant 
treatment benefi t in the laparoscopy group at 
interim analysis. Their conclusions were: “Both 
open and laparoscopic pyloromyotomy are safe 
procedures for the management of pyloric steno-
sis. However, laparoscopy has advantages over 

open pyloromyotomy, and we recommend its use 
in centers with suitable laparoscopic experience.” 

 Keith Georgeson and his team from 
Birmingham, AL, have compared the incidence 
and type of technical complications seen in a ret-
rospective series of pyloromyotomies done by 
open (225) and by laparoscopic (232) EMP in 
similar groups performed by multiple surgeons. 
The overall incidences of complications were 
similar in the two groups (open 4.4 %; lap 5.6 %). 
There was a greater rate of perforation with the 
open technique (3.6 % vs 0.4 %) and a higher rate 
of postoperative problems including incomplete 
myotomy in the laparoscopic group (0 vs 2.2 %). 
They conclude that: “This lower rate of perfora-
tion could be attributed to improved visualization 
because of the magnifi cation provided by laparos-
copy. Alternatively, the lower perforation rate 
could be owing to a less “aggressive” pyloromy-
otomy” [ 74 ]. 

 Sola published a meta-analysis upon six pro-
spective studies of level 1 (5) or 2 (1) in which it 
appeared that laparoscopic EMP had a lower total 
complication rate ( p  = .04) due to a lower wound 
complication rate ( p  = .03). The laparoscopic 
EMP had shorter time to full feedings ( p  < .00001) 
and shorter postoperative hospital stay ( p  = .0005) 
with no statistically signifi cant differences in 
mucosal perforation (0.9 % vs 1.3 %), wound 
infections, and postoperative vomiting. There 
were six incomplete myotomies (4 lap vs 2 open). 

a b

  Fig. 14.3    Extramucosal plyloromytotomy through the umbilical approach. ( a ) The pylorus has been delivered through 
the umbilicus. ( b ) The pyloric muscle is split using a mosquito and the mucosa is exposed between the muscular edges       
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The conclusion was: “This systematic review and 
meta-analysis favors the laparoscopic approach 
with signifi cantly reduced rate of total 
 complications, which is mostly due to a lower 
wound complication rate” [ 75 ]. 

 Finally, Carrington and the British team from 
Great Ormond Street Hospital for children, 
London, have compared the costs of the laparo-
scopic EMP with the open approach in a multi-
center randomized double-blind controlled trial, 
for which the primary outcomes were time to 
full feeds and time to discharge. Operation costs 
were similar between the two groups. A shorter 
time to full feeds and shorter hospital stay in lap 
versus open patients resulted in a highly signifi -
cant difference in ward costs ($ 2,650 ± 126 lap 
versus $ 3,398 ± 126 open;  p  = .001) and a small 
difference in other costs. Overall, laparoscopic 
patients were $ 1,263 less expensive to treat 
than open patients [ 76 ]. 

 To summarize, the quoted advantages of lapa-
roscopic pyloromyotomy compared to the open 
approach are reduced postoperative pain, shorter 
hospital stay, earlier return to normal activity, and 
cosmetic benefi ts [ 77 ,  78 ].  

14.7.4     Postoperative Period 

 Postanesthetic apnea in the premature <60 WGA 
is well known and specifi c recommendations 
have been made to prevent them. However, post-
anesthetic apnea can occur in full-term babies 
without perinatal problem after some surgical 
procedures including cures of IHPS [ 79 ]. Some 
recommendations have been made but a strict 
postoperative monitoring and supervision in a 
specialized environment is wise [ 80 ,  81 ]. 

 The nasogastric tube is suctioned at the end of 
the procedure before its removal, except in case of 
sutured perforation. Wounds are infi ltrated with 
0.25 % bupivacaine 2 mg/kg for postoperative 
pain relief. Antibiotics are given only in case of 
mucosal tear. Oral feeding may be resumed on 
return to the ward and increased as tolerated. 

 Isolated vomiting can endure for a few hours/
days (≤2 days) after surgery in 10–15 % of cases. 
They are related to the gastric irritation  associated 

with preoperative vomiting and to the traction on 
the pylorus during the procedure [ 82 ]. 
Subsequently, they are less frequent after laparo-
scopic or transumbilical intracorporeal EMP than 
after exteriorized one. However, they must not be 
minimized as they can reveal a perforation. 

 The more electrolyte abnormalities children 
have at the time of diagnosis, the longer they stay 
in the hospital [ 64 ].  

14.7.5     Complications 

 Complications are between 1 and 3 % in the hands 
of pediatric surgeons and mostly related to incom-
plete myotomies or perforations [ 72 ,  82 ]. 
Infections of the umbilical wounds have been 
described (1–7 %). However, with the increment 
of laparoscopy in neonates and infants, pediatric 
surgeons have learned how to clean the umbilicus, 
and the rate of umbilical infections is decreasing. 

 Complications per surgeon drop with experi-
ence. This has been evidenced in laparoscopic 
EMP. Mucosal perforation was experienced by 
8.3 % of the patients in the initial series, as com-
pared with 0.7 % in the later series reported by 
Van der Bilt [ 78 ]. Insuffi cient pyloromyotomy 
occurred in 8.3 % of the initial series, as com-
pared with 2.7 % of the later series. He suggested 
that the learning curve could be 15 laparoscopic 
IHPS [ 78 ] (Fig.  14.4 ).

14.8         Nonsurgical Conservative 
Treatment for IHPS 

 Before the era of the EMP and until the years 
1960s, IHPS were treated conservatively using 
atropine or equivalents (belladonna, atropine 
methylnitrate (eumydrin)). Although pyloromy-
otomy became the fi rst choice of treatment in 
Western countries, several authors, mostly from 
Asian countries (Japan [ 83 – 86 ], Taiwan [ 87 ], and 
India [ 88 ]) but also from Germany [ 89 ], have 
revisited the nonsurgical treatment using intrave-
nous or oral atropine for IHPS. Atropine sulfate 
is given daily for 1–8 days at various regimens 
[ 89 ] with increasing doses until vomiting stopped 

O. Reinberg



219

then maintained for 2 weeks. The rationale for 
atropine therapy is that the physiopathology of 
IHPS may be partially due to impaired function 
of acetylcholine and muscarinic receptors, thus 
releasing the pyloric muscle. Medical treatment 
may require 7 days or more of skilled nursing and 
careful follow-up. The results are fairly good 
with no signifi cant complications. About 10–25 % 
patients require surgery for failure of medical 
treatment. 

 Conservative medical treatment with atropine 
is an option. To date there are no randomized 
controlled studies answering the question 
whether therapy with atropine can achieve suffi -
cient resolution of IHPS to avoid surgery but only 
case series and a retrospective cohort study with 
low level of evidence [ 90 ]. Mercer studied ten 
relevant articles on the use of atropine for 
IHPS. The success rate of atropine therapy is 
about 85 %, whereas surgical EMP is >95 % [ 90 ]. 
Under a humoristic editorial title (“Medical 
Treatment of Idiopathic Hypertrophic Pyloric 
Stenosis: Should We Marinate or Slice the 
“Olive”?”), Rudolph, a pediatric gastroenterolo-
gist, advocates for the surgery arguing it solves 
the problem within 48–72 h with less than 1 % 
complications for a lower cost [ 91 ]. As per 
Aspelund, we believe conservative medical treat-
ment with atropine should be considered as an 
alternative in infants with contraindications to 
anesthesia or surgery [ 92 ].  

14.9     Other Gastric Outlet 
Obstructions 

 In infants, gastric outlet obstruction (GOO) is 
most often due to IHPS. However, several condi-
tions other than IHPS may cause non-bilious 
vomiting in infants and children that we must be 
aware of (Table  14.1 ).

   Gastric polyps may be either hyperplastic or 
adenomatous. Hyperplastic polyps are most com-
mon in children and account for 70–90 % of 
benign gastric polyps. A study at Johns Hopkins 
University reported that the prevalence of duode-
nal polyps in children was 0.4 % (22 of 5,766) of 
upper gastrointestinal endoscopies. Most of the 
duodenal polyps in that series were syndromic 
and were commonly associated with familial 
adenomatous polyposis [ 63 ,  94 ,  96 ]. However, 
sporadic cases have been described before or 
inside the pylorus [ 93 ]. 

 An ectopic pancreas is not uncommon in chil-
dren and the pyloric location has been described. 
Besides GOO, they can cause epigastric pain 
[ 101 ] and develop gastrointestinal bleedings or 
late malignant transformation. Thus surgical 
removal is suggested [ 100 ]. 

 Even very unusual in infants, antral or pyloric 
malignancies have been reported and should 
always be considered as a possible etiology of 
a pyloric obstructive mass in older children [ 97 , 
 105 ,  107 ]. The literature concerning such 

a b

  Fig. 14.4    Laparoscopic extramucosal plyloromytotomy. 
( a ) Opening the serosa. Note the Johann grasper holding 
the duodenum just below the enlarged pylorus. The open-
ing of the serosa is done with a disposable ophthalmologic 

knife in the avascular zone. ( b ) Splitting the muscle with 
a standard smooth dissector. The mucosa is already bulg-
ing proximally to the grasper       
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 gastropyloric tumors in children is mainly lim-
ited to case studies. Gastrointestinal stromal 
tumor (GIST) [ 106 ], Burkitt's lymphoma, gastro-
blastoma [ 103 ], adenomyoma [ 104 ], and plasma 
cell granuloma [ 97 ] have been reported. 

 Prepyloric webs are unusual mucosal partial or 
total diaphragms that may cause 
GOO. Histologically, the web consists in normal 
mucosa and submucosa. It appears in the early 
infancy in most cases, but it has been reported in 
older children and even in adults. The treatments are 
either endoscopic or surgical resection [ 110 – 113 ]. 

 Acute gastric volvulus in newborns and infants 
is known as a rare but life-threatening emergency 
that requires prompt recognition and treatment. 
The fi rst description of this condition was made 
in 1866 by Berti based on the autopsy of a 
61-year-old woman. Oltmann described the fi rst 
pediatric patient in 1899. To date, more than 250 
gastric volvulus in children have been described 
[ 116 ]. Gastric volvulus can be defi ned as torsion 
of more than 180° of the stomach around itself 
thus occluding the pylorus and inducing intermit-
tent or persistent vomiting. The diagnosis is done 
by upper gastrointestinal contrast studies. The 

radiological signs include horizontalness of the 
stomach, the greater curvature being above the 
lesser one and crossing in front of the lower 
esophagus with the pylorus looking downward. 
Once recognized the surgical procedure is an 
anterior gastropexy with reinforcement of the 
esophagogastric angle performed by laparoscopy, 
without antirefl ux-associated procedure [ 116 ]. 

 In the acquired conditions, children are older 
than the former one, i.e., after 1 year of age. 
Albeit unusual, peptic ulcers can occur in chil-
dren and according to their sites may occlude 
the pylorus. Prior to proton pump inhibitors 
(PPI) and H2 blockers, peptic ulcer disease sec-
ondary to  Helicobacter pylori  was a more com-
mon cause of GOO than today.  Helicobacter 
pylori  are evidenced by urease test and medi-
cally treated. However, even at the era of PPI, 
persistent ulcer under adequate treatment can 
require for surgery [ 117 ]. 

 The ingestion of foreign bodies is a common 
problem in infants, but fortunately the majority of 
them will pass through the digestive tract without 
any adverse effects. The peak incidence of foreign 
body ingestion is between 6 months and 3 years 
and coins are the most common. It has even been 
described in neonates (esophageal zipper in a 2 
months old baby) [ 121 , see also Chap.   16    ]. Most 
ingested foreign bodies remain entrapped in the 
esophagus at the level of its anatomic narrowing. 
However, some of them can be trapped in the 
antrum occluding the pylorus. There are no guide-
lines available to determine which type of object 
will pass safely. The size depends on the age of 
the child. The eventuality of foreign body impac-
tion must always be considered in infants below 5 
years of age and searched for.     
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      Congenital Duodenal Stenosis                     

     David     C.     van der     Zee    

15.1          Introduction 

 Congenital duodenal stenosis or atresia is one of 
the more common neonatal intestinal obstruc-
tions, which is increasingly more often already 
detected by prenatal ultrasound, demonstrating a 
distended stomach and bulbus duodeni. In the 
past it would be the typical double bubble sign on 
abdominal X-ray in neonates presenting with bil-
ious vomiting [ 1 ,  2 ]. 

 The obstruction may present as a stenosis or 
web, or true atresia, and should be discriminated 
from malrotation with or without volvulus. In 
20 % duodenal atresia is associated with malrota-
tion; 30 % of the patients have Down syndrome. 
Sometimes the duodenal atresia is seen in con-
junction with esophageal atresia [ 1 ,  3 ]. 

 Classical management of duodenal atresia is a 
side-to-side and diamond-shaped anastomosis 
between the proximal bulbus and the distal duo-
denum, bypassing the obstruction that is usually 
located at the level or just below the pancreas. 

 With the onset of minimal invasive surgery 
and increasing experience, the laparoscopic 
management of duodenal atresia has come into 
scope [ 2 ,  4 ].  

15.2     Preoperative Workup 

 After confi rmation of the diagnosis, the patient 
can be planned for operative correction as an 
elective procedure. The patient is lined up with a 
nasogastric tube to decompress the stomach and 
bulbus duodeni, an i.v. for fl uid administration, 
and an arterial line, if possible, for monitoring 
during the laparoscopy. Nowadays, patients are 
also monitored by means of near-infrared spec-
trometry, to secure suffi cient cerebral blood fl ow 
during the laparoscopic procedure. Antibiotics 
are given for 24 h.  

15.3     Positioning on the Operating 
Table 

 The patient is positioned at the lower end of a 
short operating table to allow comfortable access 
for the surgeon. The operating table sheet is 
wrapped over the fl exed legs to secure the patient 
from sliding from the table when it is placed in 
anti-Trendelenburg position.  

15.4     Trocar Positioning 

 The fi rst 5-mm trocar is introduced in an open 
way in the sub-umbilical fold. With the use of a 
3 × 0 Vicryl suture, that is placed in the fascia in a 
U-shape, the trocar can be fi xed to prevent it from 
falling out. A silicone tubing around the shaft of 
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the trocar on the other hand can prevent the trocar 
from sliding in. The fl ow is maximized at 2–3 l/
min and the maximum pressure is set to 
5–8mmHg. 

 After insuffl ation two additional 3-mm trocars 
can be placed, one in the right lower quadrant and 
one in the left mid-abdomen. Beware not to place 
the trocar in the right lower quadrant too low, oth-
erwise the freedom of moving the trocar is 
reduced. On the other hand, if the trocar is placed 
too high, it will lie above the level of the liver and 
duodenum and it will be diffi cult to handle the 
instrument. Therefore this trocar should be placed 
under direct vision to determine the best 
position.  

15.5     Operative Procedure 

 The fi rst step is to mobilize the right colonic fl ex-
ure by blunt and/or sharp dissection. This should 
be suffi ciently halfway to the transverse colon, in 
order to get a good access to the duodenum. If the 
bulbus duodeni is grossly distended, it is helpful 
to put a stay suture in the bulbus and extend it 
outside through the skin to pull away the bulbus 
from the pancreas and pars horizontalis in order 
to be able to suffi ciently mobilize the distal duo-
denum. Bands and adhesions can be taken down 
by blunt traction. Try to avoid grasping the duo-
denum itself as much as possible to avoid damage 
to the duodenal wall. Determine carefully where 
the suspected obstruction is located; this may be 
an annular pancreas, a stenosis or a true atresia. 
By mobilizing the distal duodenum, a malrota-
tion can be confi rmed or excluded. 

 In case of a stenosis or a web, a longitudinal 
anti-mesenterial incision can be made over the 
stenosis or incisures. A stenosis can be simply 
closed transversely; a web should be exposed 
suffi ciently to incise the web without damaging 
the Vater papilla. Liberally make use of stay 
sutures in the wall to be able to clearly discern all 
anatomic structures. The defect can be closed 
transversely. 

 In case of a pancreas annulare or true atresia, 
the distal duodenum can be incised longitudi-
nally over 1–1.5 cm. approximately 1–2 cm 

away from the obstruction. Either a longitudinal 
or transverse incision is made over the bulbus 
duodeni (Fig.  15.1 ). The content of the bulbus is 
removed with a suction device. When making a 
diamond-shaped anastomosis, the fi rst Vicryl 
5 × 0 suture is laid from the right corner of the 
bulbus (Fig.  15.2 ) to halfway to the right side of 
the distal duodenum (outside-in, inside-out). 
The stay suture in the bulbus is released far 
enough to allow a tension-free tying of the knot 
of this suture (Fig.  15.3 ). The long end of the 
suture is led out through the abdominal wall to 
stabilize the intestine and suture line. A second 
suture is laid from the left corner of the bulbus to 
halfway to the left side of the distal duodenum 
(outside- in, inside-out). After tying this suture, 
the needle is passed into the inside of the intesti-
nal wall, and a running suture can be made over 

  Fig. 15.1    Transverse incision in the bulbus duodeni       

  Fig. 15.2    First suture through the distal duodenum       
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the posterior wall from the inside. Usually by 
pulling on the short end of the left suture, the 
posterior wall will present itself nicely for the 
running suture. At the right end, the needle is led 
out and tied with the short end of the fi rst suture. 
This same suture can usually be used to run back 
over the anterior wall and tied to the short end on 
the left side fi nishing the anastomosis (Fig.  15.4 ). 
There is no tapering of the bulbus duodeni. There 
is no exploration of the distal duodenum for 
other membranes or obstructions, as they are sel-
dom [ 5 ]. The stay sutures are cut and all trocars 
are removed under direct vision. The U-shape 
suture in the umbilicus can be used to close this 
defect. The other fasciae are closed with a Vicryl 
5 × 0 suture and Steri-Strips for the skin. No 
drain or any trans- anastomotic drain is left 
behind.

15.6           Postoperative Care 

 The patients are kept nil per mouth for 24 h, after 
which feeding is started with 8x10 ml, irrespec-
tive of any gastric retention. Feeding is extended 
according to age and weight over the following 
days. Retentions up to 30 cc are accepted and 
given back. It is better not to measure retentions, 
but observe the child clinically and adjust feeding 
regimen accordingly. 

 Feeding and admission times are usually more 
dependent on concomitant anomalies like cardiac 
abnormalities or Down syndrome.  

15.7     Personal Experience 

 We described the fi rst case of laparoscopic repair 
of duodenal atresia in 2001 [ 4 ]. In a fi rst series 
from 2000 to 2005, 22 children were operated 
laparoscopically. In four cases the procedure was 
converted. In fi ve patients there was leakage of 
the anastomosis. This was reason to stop the lap-
aroscopic approach at that moment until the pro-
cedure was adjusted suffi ciently to ban out any 
more leakage. 

 With increasing experience and changing to a 
running suture that secured the anastomosis, we 
picked up the procedure again. From 2008 to 
March 2015, another 22 children were operated 
laparoscopically without any more complica-
tions. All procedures could be completed laparo-
scopically [ 3 ].  

15.8     Discussion 

 Repair of duodenal atresia is one of the most 
complex minimal invasive procedures. This is 
mainly because of the limited space available. In 

  Fig. 15.3    Approximation of fi rst suture from midway 
bulbus to superior edge of distal duodenum       

  Fig. 15.4    Completion of anastomosis       
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thoracoscopic repair of esophageal atresia, the 
rigid thoracic cage secures some space. In the 
abdomen with low pressures of 5–8 mmHg, the 
overlying liver and moving intestines, next to gas 
leakage along the trocars, leaves a limited space 
for moving around. Often an extra trocar is placed 
in the epigastrium to lift up the liver to give addi-
tional exposure. Also the liberal use of stay 
sutures gives more stability to the operating fi eld. 
It helps if the assistant that holds the camera pulls 
on the umbilical trocar to give additional space. 
The major step forward in determining success 
was the use of running sutures that give an even 
tension along the whole anastomosis. Since 
adjusting this technique, we have seen no more 
incidents of leakage. 

 Another issue is the endoscope. In open sur-
gery an incision is made directly over the under-
lying duodenum. In laparoscopy the view is fi xed 
from the umbilicus, giving another angle at which 
the anomaly is approached. Good anatomical 
knowledge of the course of the duodenum is 
obligatory. Good exposure is important. 
Therefore the fi rst step is to mobilize the overly-
ing right colonic fl exure suffi ciently away, that is, 
it does not fall back constantly in front of the 
duodenum and pancreas head. 

 The second step is to identify the bulbus duo-
deni and pancreas head. It often is helpful when a 
stay suture is placed in the bulbus to lift it away 
from the pancreas head and distal duodenum. 

 When mobilizing the distal duodenum, try not 
to grasp the duodenal wall, but take down the 
bands and adhesions between two grasping for-
ceps just adjacent to the duodenum. When the 
duodenum is suffi ciently mobilized, a longitudi-
nal incision can be made with straight scissors or 
a pylorotomy knife. In open surgery a diamond- 
shaped anastomosis is advocated, although some 
authors claim that a simple side-to-side anasto-
mosis is just as well. A diamond-shaped anasto-
mosis is well feasible in laparoscopy, but there is 
no objection to make a side-to-side anastomosis. 

 No effort is made to advance a trans- 
anastomotic tube or explore more distal mem-
branes, because they occur only seldom, and if 

they do, they can be addressed in a separate pro-
cedure, or even by balloon dilatation under fl uo-
roscopy if the membrane is not too thick [ 5 ]. 

 Some authors advocate tapering of the bulbus 
duodeni [ 6 ]. In our view it is questionable if this 
will give any advantage to restoration of the pas-
sage of gastric contents. In our experience we have 
never had to taper the bulbus in any of our patients. 
Obviously the bulbus is distended and will always 
remain distended. However, if this does not lead to 
feeding problems, there is no reason to make a 
procedure more complicated than necessary. On 
the contrary, we start feeding the children as of the 
second postoperative day and accept retentions up 
to 30 cc, as there will always be some pooling of 
gastric and duodenal content in the distended bul-
bus. Usually, the children tolerate the feeding very 
well, and oral intake can usually be increased like 
in all neonates of their gestational age. 

 In conclusion the laparoscopic management 
of duodenal obstruction is feasible and has a 
good outcome. The procedure is technical 
demanding and usually requires an experienced 
laparoscopic surgeon.     
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      Caustic Ingestion and Foreign 
Bodies                     

     Olivier     Reinberg    

16.1          Introduction 

 Their homes and surroundings can be dangerous 
places for children, particularly with regard to the 
possibility of unintentional swallowing of for-
eign bodies or potentially dangerous liquids. 

 Children are naturally curious, exploring in 
and around their homes. They develop their 
senses by physically interacting with the things 
around them, touching and placing them in their 
mouth. As a result, each year millions of calls are 
made to poison control centers or pediatric emer-
gency rooms after unintentional swallowing of 
foreign bodies or potentially dangerous liquids. 
Most of these accidents could have been pre-
vented. This chapter focuses on caustic and vari-
ous foreign body ingestions [ 1 ].  

16.2     Caustic Injuries 

16.2.1     Epidemiology of Caustic 
Injuries 

 Ingestions of corrosive substances, alkalis or 
acids, are common both in low- or high-income 
countries in spite of prevention measures to mini-
mize the hazards of household products and laws 

for containers with child-resistant closures. The 
majority of ingestions occurs in children younger 
than 5 years and could be preventable [ 2 – 4 ]. 
Ingestion in children older than 5 years is suspect 
and in adolescents, mainly in girls, is usually 
intentional with larger volumes swallowed [ 2 ]. In 
addition, there might be an unknown number of 
cases of abuse. 

 The true prevalence of these injuries is 
unknown. According to the report on pediatric 
trauma done by the World Health Organization 
and the UNICEF, more than 120,000 children 
under 6 years old suffered caustic injuries in the 
United States in 2004 [ 1 ,  5 ]. While most expo-
sures to household products result in mild poi-
soning, cleaning agents, strong alkalis, and acids 
can lead to severe tissue damages. In the pediatric 
group, 70–90 % of burns are related to alkali sub-
stances and 10–30 % to acids [ 2 – 4 ,  6 ,  7 ]. 

 Chemicals around the house to which children 
may have access contribute signifi cantly to unin-
tentional poisonings in childhood, both in devel-
oped countries and in low-income countries. 
Only the substances differ. In developed coun-
tries exposures to cleaning agents, such as ammo-
nia, bleach, dishwasher, and laundry detergents, 
are most common, especially the dishwasher tab-
lets that are the most frequent household prod-
ucts involved in injuries [ 2 – 4 ]. Dishwasher 
detergents are highly corrosive substances caus-
ing potentially life-threatening injuries and 
severe morbidity [ 4 ,  7 ,  8 ]. In most countries dish-
washer tablets are not included in the regulations 
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for child-resistant closures. Another concern is 
that liquid household products such as soaps, liq-
uid soaps, and dishwasher and laundry detergents 
are packaged to imitate food or have other attri-
butes that appeal to children (smell, color). Due 
to new trends in food marketing, the frontier 
between food products and cosmetics has been 
blurred. In 2011, the Scientifi c Committee on 
Consumer Safety of the European Commission 
stated that “Products which, although not food-
stuffs, possess a form, odor, color, appearance, 
packaging, volume or size, so that is likely that 
consumers, especially children, will confuse 
them with foodstuffs and in consequence place 
them in their mouths, or suck or ingest them, 
which might be dangerous and cause, for exam-
ple, suffocation, poisoning, or the perforation or 
obstruction of the digestive tract” [ 9 ]. These rec-
ommendations are fairly followed, as prevention 
does not carry much weight compared with the 
expected benefi ts. 

 This last decade, new concentrated laundry 
“pods” or capsules appeared on markets and are 
associated with more severe accidents compared 
to classic laundry detergents. Detergent “pods” 
are small, single-use doses of concentrated deter-
gent encased in a water-soluble membrane (poly-
vinyl alcohol) to dissolve in wash water and 
release the detergent. They are colorful designed 
like candies. Compared to classic laundry deter-
gents, the chemical composition of laundry pods 
has a higher concentration of surfactants and eth-
oxylated alcohols and a higher viscosity and 
hydrotropic power. They are fi lled under pres-
sure, so when the child places the capsule in his 
mouth and bites it or sucks on it, thus dissolving 
the water-soluble membrane, the content 
explodes before the eyes or in the mouth with 
subsequent ingestion and/or inhalation. A spec-
trum of clinical effects from minor to serious 
injuries, even deaths, was seen with ingestions, 
inhalations, ocular exposures, or combinations of 
them. In the USA, from 2012 to 2013, 17,230 
children exposed to laundry detergent pods were 
reported to US poison control centers [ 8 ,  10 ]. In 
Italy, laundry detergent pods have become the 
most commonly ingested household product 
since becoming available in 2010 [ 11 ]. From 

2012 to 2015, 34 reports from different countries 
(France, Canada, the USA, Italy, the UK) came to 
the same conclusions and warn clinicians, par-
ents, and caregivers. They all conclude that mea-
sures should be taken to avoid ingestions of these 
products, but nothing has been done to date to 
regulate their use and composition. “These publi-
cations, although commendable for resulting in 
positive outcomes, also serve to highlight previ-
ously identifi ed weaknesses in the NPDS surveil-
lance system (USA, but other national agencies 
as well)” [ 12 ]. 

 In developing or lower-income countries, 
sodium hypochlorite or sodium hydroxide (lye, 
caustic soda), used to make soap, as a bleaching 
agent, to manufacture textiles, for washing or 
chemical peeling of fruits and vegetables, for 
cocoa processing, for olive softening or blacken-
ing (also with potassium hydroxide), or to pre-
pare “medicines,” is left reachable for children 
often on the ground.  

16.2.2     Prevention of Caustic Injuries 

 The most obvious risk factor for ingestion of a 
substance is its presence in the domestic environ-
ment, within the reach of children. Dispensing 
them in containers without child-resistant clo-
sures increases the risk of poisoning. The use of 
appropriate labeling (“skull and crossbones”) 
serves as parents’ warning but not to children 
who are unlikely to recognize the signifi cance of 
these signs. Subsequently, the best prevention is 
to keep them out of their reach. Bathroom cabi-
nets and kitchen cupboards or locked drawers 
appear to be the safest storage places. 
Unfortunately, in modern houses, the bad habit is 
to store harmful products in the locker under the 
sink instead of putting them in a high place. Safe 
packaging cannot compensate for unsafe 
storage. 

 In high-income countries, dangerous products 
are required by law to be distributed in child- 
resistant packaging, i.e., requiring several com-
plex actions such as turning while pushing 
downwards or squeezing. The common standards 
for tests adopted in most countries require that at 
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least 85 % of children aged from 42 to 51 months 
must be unable to open the container within 
5 min [ 13 ]. Child-resistant packaging is one of 
the best-documented successes in preventing the 
unintentional poisoning of children [ 1 ]. 
Unfortunately, rules for child-resistant packaging 
currently exist only in very few countries, such as 
Australia, Canada, New Zealand, the United 
States, and the European Union. Furthermore, no 
closure is perfect. Up to 20 % of children aged 
between 42 and 51 months may be able to over-
come a child-resistant closure, and their parents 
are most often unaware [ 14 ]. 

 An alternative approach is to lower the level of 
the toxicity or to make it repellent or uninterest-
ing for children. Toxicity can be lowered by 
reformulation and many dangerous substances 
could be replaced. Color can play a role, as pink, 
purple, and yellow are attractive for children, 
while dark blue, violet, or brown-green are unap-
preciated colors. Children initially prefer sweet 
tastes and reject sour and bitter tastes. Therefore 
bittering agents have been used to prevent from 
ingestions and poisonings. The most commonly 
used aversive agent is the denatonium benzoate 
(Bitrex® or Aversion®), which has an unpleasant 
taste at very low concentrations unbearably bitter 
to most humans [ 15 – 17 ]. The problem with 
sodium hypochlorite or hydroxide is their lack of 
smell and their harmless appearance. The addi-
tion of <1 % ammoniac is enough to give them an 
unpleasant smell with a subsequent repellent 
effect on children, but unfortunately also on their 
mothers who will not buy such a product. 
Unfortunately there are no published data on the 
effectiveness of aversing agents in limiting the 
ingestion of household products. 

 In developing or lower-income countries, 
these dangerous products are freely bought on 
markets and diluted or transferred in beverage 
bottles at home where they are stored on the 
ground or in places reachable for children. As the 
manufacturing facilities are scarce, it could be 
cheap and easy to color sodium hypochlorite or 
hydroxide and to add ammoniac. During our 
numerous missions, we have frequently received 
interest from many governmental or nongovern-
mental authorities but without effects.  

16.2.3     Physiopathology of Caustic 
Injuries 

 Both acids and bases can be defi ned as caustics, 
which cause signifi cant tissue damages on con-
tact with the esophagus. Most acids produce a 
coagulation necrosis by denaturing proteins, 
inducing a coating coagulum that protects the 
underlayers from deeper penetration. Bases 
induce more severe injuries known as liquefac-
tive necrosis, i.e., the denaturation of proteins 
together with a saponifi cation of fats, which pen-
etrate deep through the esophageal wall and can 
go through it. The lesions are colonized by bacte-
ria within 24–48 h worsening the tissue 
damages. 

 The severity of the damages is related to sev-
eral factors, including the pH, the concentration, 
and the volume of the agent. The contact time is 
of little interest as a lesion occurs within a few 
seconds. The physical form of the agent plays a 
signifi cant role: the ingestion of solid pellets 
results in prolonged local contact time with the 
esophagus, thus deeper localized burns, while 
liquids generate superfi cial but more extensive 
lesions. For this reason it is of major importance 
to refrain from drinking after pellet ingestion as it 
may induce both types of lesion. Vomitings – 
spontaneous or induced using emetic – worsen 
the lesions due to a repeated exposure. 

 Depending on the extent of burn, infl amma-
tion or necrosis may extend through the whole 
esophageal wall until perforation occurs either in 
the mediastinum with subsequent mediastinitis or 
in the trachea or bronchi. With the disappearance 
of the mucosa, the facing surfaces adhere to each 
other worsening the stenosis of the esophagus or 
occluding its lumen, moving toward a fi stula. 
Like the skin, the long-term effect of caustic 
esophageal burns is a hypertrophic scarring pro-
cess, which can result in stricture formation. 
Mucosal reepithelization is a slow process, usu-
ally not complete before 4–6 weeks. Not until a 
complete reepithelization, the infl ammation con-
tinues, and granulation tissue comes to maturity 
when fi broblast proliferation replaces the submu-
cosa and muscular layers, initiating strictures. 
Thus a stricture formation is detectable after 2 
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weeks and is defi nite by the fourth week. This is 
the best time to start dilatations. In a series of 80 
pediatric patients, de Jong reports 29 % of early 
and late medical complications and 20 % that 
developed severe esophageal strictures requiring 
esophageal replacement in two-thirds of them 
[ 18 ]. Baskin reports 81 of which 16 % developed 
a stricture even in some cases of low grades [ 19 ]. 

 If the muscular layers of the esophagus have 
been destroyed, they will not regenerate and be 
replaced by fi brous tissue. Even if the lumen has 
been kept open, the contraction waves will never 
overpass that point. 

 The caustic burn induces a shortening of the 
esophagus and a motility disorder resulting in 
refl ux and poor esophageal clearance, which adds 
a peptic stenosis to a caustic one evidenced by his-
tology (O. Reinberg, unpublished). For this reason 
all our patients under conservative treatment with 
dilatations receive proton pump inhibitors (PPI).  

16.2.4     Diagnosis of Caustic Injuries 

 A suspicion of caustic ingestion requires a 
detailed questioning, asking for the nature of the 
product, its form, the amount, and the precise 
time of the injury. When receiving an emergency 
call, remind the parents or the caregivers to avoid 
drinking or eating (no emetic agent) and ask to 
bring the product and the packaging with them. 
This will help to identify the ingested substance 
and measure its pH. 

 There is a large variation of symptoms after 
caustic ingestion ranging from nothing to life- 
threatening conditions. Several studies have indi-
cated that the clinical manifestations are poor 
predictors of the presence and the extent or depth 
of esophageal injury [ 3 ,  4 ,  18 ,  20 ]. Initial symp-
toms and clinical signs are mostly related to the 
edema. However, the presence of more than three 
symptoms or signs is associated with increased 
likelihood of esophageal injury [ 3 ]. Reversely, 
Gandreault wrote that 12 % of children with 
proven esophageal injuries had no signifi cant 
esophageal or abdominal complaints [ 20 ]. Thus 
any suspected caustic ingestion should be referred 
to medical facilities to be investigated. 

 The most common symptoms are drooling, 
dysphagia, odynophagia, vomiting, and oral liq-
uid refusal. Respiratory symptoms such as tachy-
cardia, dyspnea, dysphonia, and stridor are 
evocating upper airway injury and may be seen 
immediately or delayed due to the progressive 
edema, but can be seen without airway involve-
ment. Hematemesis is related to severe esopha-
geal injuries, extensive or deep. Chest or 
abdominal pain and rigidity suggest profound 
injury and perforation of the esophagus or the 
stomach [ 3 ]. 

 The oral cavity should be carefully inspected 
to look for lip swelling, tongue erythema, leuko-
plakia, or oral ulceration. Blind placement of a 
nasogastric tube should be avoided due to the 
increased risk of perforation. 

 Chest, lateral neck, and abdominal X-rays are 
systematically done to look for the presence of 
free air in the retropharynx, mediastinum, or 
peritoneum. 

 Contrast studies (UGI) are not helpful at early 
stages. They do not reveal mucosal injuries or 
overestimate the lesions showing mainly the 
edema. They represent a waste of time postpon-
ing the endoscopy. If done, the use of barium 
should be avoided in case of perforation, and 
hydrosoluble contrasts should be preferred. 
Delayed UGI are of great value to evaluate the 
number and the severity of stenosis when they 
occur, i.e., since the third week. 

 Upper endoscopy remains the cornerstone to 
defi ne the extent and severity of the injury. Even 
if debated, as the absence of symptoms and signs 
does not exclude a serious injury, we believe that 
a panendoscopy should be done by a multidisci-
plinary team, under general anesthesia, using all 
available means, in every patient who is sus-
pected of caustic ingestion. Endoscopy should be 
performed within 24–48 h of the injury before the 
esophageal wall begins to weaken [ 4 ,  21 ,  22 ]. 
The later it is performed, the higher is the risk of 
perforation. Rigid endoscopes give a better view 
of the upper airways, the trachea, and the esopha-
geal omentum. The newest small diameter fi ber-
scopes (ø 6 mm) allow for less traumatic exams 
of the body of the esophagus, down to the stom-
ach including intra-stomachal version. 
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 In any case, the initial endoscopic evaluation 
must include the larynx and the upper airways, as 
associated lesions are not unusual: 15 % in our 
experience. In the de Jong series, 5 % of patients 
had the hypopharynx primarily involved with no 
evidence of oral cavity injury. About 12–20 % of 
patients could have concurrent esophageal injury 
without any oral pathological fi nding. Reversely, 
in spite of some oral lesions, over 70 % of chil-
dren are free of signifi cant visceral involvement 
[ 3 ,  4 ,  18 ,  21 ,  22 ]. 

 Practically based, prior to endotracheal intu-
bation, an assessment of laryngotracheal injury 
is performed with a rigid endoscope. This ini-
tial evaluation should include vocal cord move-
ments as paralysis can occur at the time of the 
caustic injury. Then the child is intubated and 
the upper esophagus is explored using fi rst the 
rigid endoscope then the body of the esophagus 
and the stomach with a fl exible fi berscope. If 
done earlier, the esophagoscopy should reach 
the stomach, but in case of delayed endoscopy, 
it is wise to stop at the level of the most proxi-
mal circumferential injury. The authors advo-
cating complete esophagoscopy stress the high 
mortality rate associated with full-thickness 
necrosis of the lower esophagus and stomach 
requiring early recognition and intervention. 
This is true in adults who swallow large 
amounts of caustic for suicide but very unusual 
in children. The length of the intact proximal 
esophagus above the fi rst stenosis should be 
carefully measured to anticipate swallowing 
problems. Under view control, a nasogastric 
tube has to be placed during the initial 
endoscopy. 

 Due to stagnation, lesions are more frequent 
and more serious at the level of anatomic narrow-
ings of the esophagus (cricopharyngeal area, aor-
tic arch left main bronchus and above the 
esophagogastric junction). Grading of the endo-
scopic lesions should be helpful to give a progno-
sis and defi ne the treatment. Unfortunately, there 
is no common grading system and reported data 
are not comparable. Our concern is to assess the 
presence of a lesion, if it is partial or circular and 
to evaluate its length and depth. The former clas-
sifi cation in four grades by Estrera has been 

implemented by Zargar, describing two sub-
groups in grade 2 and 3 (a and b), making a dif-
ference whether there are ulcers or 
pseudomembranes [ 23 – 25 ]. As Rossi, we con-
sider that the classifi cation proposed by the 
Italian Consensus on Not Bleeding Emergency 
Endoscopy (AIRONE 2008) summarizes most of 
them and is easily usable [ 3 ,  25 ,  26 ] (Table  16.1 ). 
To summarize, Grade 1 injuries are superfi cial, 
Grade 2 are transmucosal, and Grade 3 and 4 
refer to transmural injuries. However, precise 
endoscopic description of the lesions must be 
very accurate and should be documented with 
photos and/or videos.

   Patients with Grade 0 or 1 are unlikely to 
have a complicated course or develop 
complications. 

 The patients are usually observed for 24 h, fed 
under supervision, and once tolerated, are 
discharged. 

 However, they must be recontrolled on short 
and long terms. Should any dysphagia or other 
symptom occur, a UGI should be done to look for 
a delayed stenosis. 

 Patients with Grade 2 are treated the same way 
but more slowly and systematically have a UGI 
done between 4 and 6 weeks from injury as 50 % 
of patients of Grade 2b injury may develop stric-
tures requiring dilatations [ 4 ]. 

 There is no defi ne treatment for more severe 
cases and they must be evaluated from case to 
case. If a NG tube has been placed during the ini-
tial endoscopy, it is used to start early enteral 
nutrition. However, we must consider the place-
ment of a gastrostomy, as the treatment will last 
long (see below). 

 Recently, technetium-labeled sucralfate scan, 
as described by Millar, has been used as a useful 
and cost-effective screening method to confi rm 
or exclude signifi cant injury, thus avoiding 
endoscopy [ 27 ]. The sucralfate adheres to 
infl amed mucosa which is recorded on a scan. 
Patients without any signifi cant adherence should 
not have a signifi cant injury and could be dis-
charged without follow-up [ 27 ,  28 ]. Computer 
tomography or magnetic resonance imaging is 
helpful to assess a perforation and precise its 
level.  
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16.2.5     Initial Treatment of Caustic 
Injuries 

16.2.5.1     Antibiotics, Corticoids, PPI 
 In most teams, caustic ingestions are routinely 
given antibiotics, steroids, and H2 blockers 
(PPI) [ 2 – 4 ]. 

 Antibiotics seem useless to prevent bacterial 
colonization of the esophageal lesions as it occurs 
in a devascularized tissue where microcirculation 
has been destroyed, so their routine use is debat-
able. They are indicated in case of perforation 
and respiratory involvement. Riffat suggests that 
there is evidence of a lower rate of stricture for-
mation with the use of antibiotics: by decreasing 
bacterial counts in the necrotic tissue, superinfec-
tion is reduced which may lessen the stricture 
formation [ 2 ]. Occasionally, we have observed a 
peak of fever after dilatation in some children. As 
cerebral abscesses have been reported in such cir-
cumstances, those cases received a prophylactic 
dose of antibiotics before each dilatation without 
recurrence of fever [ 29 ]. 

 The benefi cial role of steroid on infl ammation 
and scarring process is still debated. They could 
be used in fi rst- and second-degree injuries but 
not in third degrees because of the potential 
increased risk of perforation. Some cases are 
reported who developed a gastric ulcer with asso-
ciated hemorrhage after receiving systemic ste-
roids [ 18 ]. A meta-analysis of 13 studies done by 
Fulton over 50 years has concluded that steroid 
use does not decrease the incidence of stricture 
formation following Grade 2 caustic ingestion, 
and therefore, the use of steroids was not advised 
[ 30 ]. Some reports, more specifi cally concerning 
infants and toddlers, have shown that the use of 

high dosage of corticosteroids, starting at the 
early phase of treatment, could be benefi cial in 
decreasing the need for dilatations [ 31 – 33 ]. Our 
experience is that corticoids do not prevent from 
esophageal stenosis in serious caustic burns, but 
are helpful to achieve faster resolution of the 
edema, mainly on the airways. 

 The caustic burn induces a shortening of the 
esophagus and a motility disorder resulting in 
refl ux with poor esophageal clearance, which 
adds a peptic stenosis to a caustic one as evi-
denced by histology (O. Reinberg, unpublished). 
For this reason, as many others, all our patients 
under conservative treatment with dilatations 
receive proton pump inhibitors (PPI) even if their 
effi ciency has not been proven [ 2 – 4 ,  18 ].  

16.2.5.2     Gastrostomy 
 Benign esophageal strictures usually produce 
dysphagia for solids, liquids, or both, with slow 
and insidious progression of weight loss and mal-
nutrition. If the stenosis is important with subse-
quent dysphagia lasting for more than a month, a 
gastrostomy should be done to avoid long-lasting 
total parenteral nutrition with its potential com-
plications. Most patients referred to us, even 
those with a previously done gastrostomy, were 
in poor nutritional conditions and must be placed 
under refeeding program before surgery. 

 Percutaneous endoscopic gastrostomy (PEG) 
is our favorite technique for feeding tube place-
ment in children with inadequate nutritional 
intake. However, it is not feasible after caustic 
ingestion and a gastrostomy has to be per-
formed. As most of our patients are in poor con-
ditions, they require a gastrostomy including a 
gastropexy to avoid parietal disunion related to 

   Table 16.1    Classifi cation for caustic injuries in children [ 25 ,  26 ]   

 Grade  Endoscopic features  Extent of lesions 

 0  No lesion 
 1  Erythema of the mucosa 
 2a  Pseudomembranes  Partial/noncircumferential 
 2b  Ulcer/necrosis  Partial/noncircumferential 
 3a  Pseudomembranes  Circumferential 
 3b  Ulcer/necrosis  Circumferential 
 4  Full-thickness changes/perforations 
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malnutrition. We have described a technique of 
a real Stamm gastrostomy performed by lapa-
roscopy for these cases [ 34 ]. This laparoscopic 
technique combines the advantages of a mini-
mal invasive procedure with the safety of an 
open operation and related gastric attachments 
to the abdominal wall. 

 The proper placement of the gastrostomy on 
the anterior stomach wall is a major concern. 
When intending to replace an esophagus, the sur-
geon never knows which transplant can be used: 
if the gastrostomy has been placed too close from 
the greater curvature, he may face an interruption 
of the gastroepiploic artery and a gastric tube 
cannot be achieved. When performing a gastros-
tomy for caustic stenosis, it is wise to place it far 
away from the great curvature, just in case a tube 
could be done. 

 Gastrostomies are our fi rst choices of surgical 
access to the bowel, better than jejunostomies. 
However, if the stomach has been involved in the 
caustic injury, we must refrain from using it and 
then perform a jejunostomy. 

 In some cases, we used an interesting artifi ce 
suggested in 1974 by Papahagi and Popovici: 
when performing the gastrostomy, these authors 
ligated the middle colonic artery and sometimes 
the right one to stimulate the development of the 
left one, anticipating a transverse isoperistaltic 
colonic replacement [ 35 ].  

16.2.5.3     Dilatations 
 About a month after caustic ingestion, once the 
edema has gone, the diagnosis of stenosis can be 
assessed by an esophagogram and an endoscopy. 
Then, according to the severity of the stenosis, a 
dilatation program can be started. The rate of stric-
ture formation reported in literature varies from 2 
to 63 % (!). Isolated short stenosis of the esopha-
gus, i.e., 1–2 cm, can be treated by dilatations with 
good results. Long ones (more than 3 cm), multiple 
stenosis (more than two), or those with a tracheo-
esophageal fi stula cannot be solved by dilatations 
and require an esophageal replacement [ 36 ,  37 ]. 
However, the decision should not be precipitated. 

 Of the various methods to dilate, we use three 
of them: the Tucker-Rehbein bougie on a never- 
ending loop, the Savary-Gillard bougie on an 

atraumatic guidewire (M. Savary was our Chief 
of ENT in Lausanne, Switzerland), or the balloon 
dilators similar to angioplasty. The Tucker- 
Rehbein bougie has the advantage of being done 
without endoscopy or chest X-rays control, with 
a very low risk of perforation. It requires placing 
a string from the nose, down into the esophageal 
lumen, and externalized through the gastrostomy. 
It can be used both ways, antegrade or retrograde. 
To dilate, the Tucker-Rehbein bougie is tied to 
either ends of the string and pushed or pulled 
using progressively larger dilators. When using 
balloon dilatators, a radial pressure on the stric-
ture is performed that is thought to be better than 
a longitudinal direction of dilatations as done 
with the other methods. But balloon dilatation is 
not as safe as described, as it can be diffi cult to 
control the strength of expansion when the bal-
loon infl ates suddenly. For this reason the Savary 
or the Tucker-Rehbein’s techniques are softer and 
more progressive. Our belief is that all different 
techniques should be available in a team caring 
with caustic burns and be adapted to each case 
and dilatation. 

 The optimal frequency of dilatation is not 
well established in the literature, and our prac-
tice was to use a symptom-based approach, but 
an interval of 3 weeks seems appropriate in most 
cases. We encourage normal eating as soon as 
possible, as pieces are good self-dilatators, but 
with a high risk of entrapment. The scarring pro-
cess of the esophagus is long, and the evolution 
of a stenosis must be confi rmed by repeated 
esophagograms. An important apparent stenosis 
related to the infl ammatory process can last for 
months before its disappearance. On the other 
hand, a dilatation program without signifi cant 
improvement after a year can be considered as a 
failure. For these reasons we do not continue a 
dilatation program more than 1 year. However, 
some teams persist in dilating patients for years, 
up to 15 years [ 18 ]. Dilatation should be contin-
ued as long as a progressive increase in esopha-
geal diameter is noted, along with the recovery 
of a normal feeding. Even after, dilatation has to 
be continued from time to time. Without 
improvement at 12 months, we consider doing 
an esophageal replacement. Indications for 
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esophageal replacements and their timing vary 
widely. As a result, children are often subjected 
to prolonged courses of dilatations prior to 
esophageal replacement or, conversely, may be 
exposed to unnecessary surgery [ 36 ]. A strong 
predictor of poor outcome was the delay from 
ingestion to beginning of dilatations [ 36 ,  38 ].  

16.2.5.4     Stents 
 The early insertion of stents was fi rst proposed by 
Salzer in 1920 and later advocated by Fell [ 39 , 
 40 ]. Early reports fell into disfavor because the 
strictures soon reformed after removal of the 
stent [ 18 ]. However, Coln as well as Estrera 
wrote that after stenting, the frequency of recur-
rences decreased and the strictures were easier to 
dilate [ 23 ,  41 ]. The use of a self-expanding 
esophageal stent for malignant strictures is well 
documented fi rst on animals and now applied in 
human cases of malignant and recalcitrant benign 
strictures [ 42 – 45 ]. It has evolved toward early 
endoscopic esophageal stenting using removable 
plastic or metallic self-expandable stent [ 46 ], or 
better using biodegradable stents [ 47 ,  48 ]. These 
techniques are under evaluation and the new 
materials available are promising. They could 
play an interesting role to prevent stenosis; how-
ever, many migrations or displacements are 
described [ 3 ,  46 ]. Recently, Okata published the 
histology of a removed esophagus after self- 
expandable biodegradable stenting and was able 
to compare the histology of the esophageal wall 
under the stent and at distance from its ends. The 
resected specimens showed thickened scar for-
mation at the level of the stricture, while the 
degree of esophageal wall damage, both at the 
proximal and distal ends of the stricture, was 
slight [ 48 ,  49 ]. 

 The idea is that the stent prevents the adhesion 
of the facing surfaces of the esophagus, thus min-
imizing the stenosis, but they cannot restore the 
defect of the muscular layers. Even if the lumen 
remains open, a rigid, nonpropulsive segment of 
the esophagus will be left. Until now we refused 
to use them as we have been referred 11 children 
with major complications after esophageal stent-
ing: migrations in the mediastinum and in the left 
bronchus and posterior erosion of the trachea; 

one of them 7 years old having had 42 previous 
procedures.  

16.2.5.5     Other Treatments 
 Many agents have been tried as adjuvant thera-
pies in order to prevent excessive granulation tis-
sue formation. 

 Mitomycin C is an antibiotic-cytostatic drug 
derived from  Streptomyces caespitosus  similar to 
antialkylating agents. It inhibits DNA and protein 
synthesis by inducing cross-linking, thus fi bro-
blast proliferation. It is used in multidrug regi-
men in oncology for disseminated carcinoma as 
well as for transitional cell tumor of genitouri-
nary tract, but it has a poor antimitotic effect. 
However, its properties have led to its use as an 
agent for reducing scar formation in ophthalmol-
ogy for the treatment of pterygium surgery since 
1963 and of refractory glaucoma since 1983, and 
it is commonly used today in those fi elds even in 
children. It has been used by ENT surgeons for 
recurrent laryngeal or tracheal stenosis both in 
adult and children. We fi rst presented the use of 
mitomycin C in recurrent esophageal strictures in 
children in 2001 at the 33rd annual meeting of 
the Canadian Association of Paediatric Surgeons 
[ 50 ], followed by Afzal who published the fi rst 
pediatric cases [ 51 ]. The use of mitomycin C is 
still limited in this indication with some cases or 
very small series reported [ 52 – 54 ]. In our team, 
fi rst we dilate the stenosis with Tucker-Rehbein 
or Savary bougies, then the mitomycin C is 
applied by the ENT surgeons through a rigid 
esophagoscope. Two ml of mitomycin C Kyowa® 
solution 2 mg/ml are applied for 2 min using a 
peanut positioned on the area uncovered with 
mucosa under visual control. We have the experi-
ence of 25 pediatric cases treated with 1 to 4 topi-
cal application of mitomycin C after dilatation 
either for recurrent esophageal stenosis or for 
stenosis of the upper anastomosis after esopha-
geal replacement with a success rate of 82 %. 
Other authors came to the same conclusions 
(El-Asmar 2015, 21 children, 86 % success [ 55 ]). 

 Hyaluronic acid is used in many clinical situa-
tions as diverse as neurosurgery and wound heal-
ing. A study showed that hyaluronic acid 
treatment could be effective in treating damage 
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and preventing strictures after experimental caus-
tic esophageal burn on rats [ 56 ]. Several other 
different chemical agents (heparin, vitamin E, 
caffeic acid phenethyl ester, tamoxifen, 
5- fl uorouracil) have also been used experimen-
tally, but only a few of these have been added to 
clinical treatments. Most of these agents impair 
collagen metabolism and inhibit fi broblastic pro-
liferation either by direct or indirect routes. 
Physical treatments have also been used such as 
argon plasma coagulation, but they remain anec-
dotal [ 57 ]. 

 Surgical segmental resections followed by 
end-to-end anastomosis have a very high rate of 
failure even after adding enlargement procedures. 
Unlike the resection of a congenital esophageal 
stenosis where the anastomosis is performed in 
normal tissue on both sides of the malformation, 
the resection of a caustic stenosis is always done 
in an injured pathologic tissue and leads to recur-
rence of the stenosis as done under tension in a 
poorly vascularized tissue.    

16.3     Foreign Bodies 

16.3.1     Ingested Foreign Bodies (FBs) 

 The ingestion of foreign bodies (FBs) is a com-
mon problem in infants, but fortunately the 
majority of them will pass through the digestive 
tract without any adverse effects. The peak inci-
dence of FB ingestion is between 6 months and 3 
years, and coins are the most common with an 
occurrence of >125,000 ingestions per year 
(2007) and 20 deaths reported in the United 
States during a 10-year period [ 58 – 60 ]. It has 
even been described in neonates (esophageal zip-
per in a 2 months old baby) [ 61 ]. Some kids con-
tinue to put unbelievable objects in their mouths 
after infancy. Coins, toys, crayons, and ballpoint 
pen caps are most often ingested during the child-
hood [ 62 ,  63 ]. Food impactions are not as fre-
quent as in adults but not unusual [ 63 ]. 

 The dangerous FBs are those who remain 
entrapped in the esophagus at the level of ana-
tomic narrowings: esophageal omentum, aortic 
arch and left major bronchus, and above the 

esophagogastric junction. There are no guidelines 
available to determine which type of object will 
pass safely. The size depends on the age of the 
child. A study done by Tander on 62 ingestions in 
children tries to correlate the sizes of the FB with 
the ages: up to 5 years of age entrapments occurred 
for objects between 17 and 23 mm, and after 5, 
objects from 23 to 26 mm were involved [ 64 ]. 

 A FB impacted in the esophagus leads to a 
pressure lesion and local necrosis resulting in ste-
nosis or perforation. Once in the stomach, it may 
pass through the pylorus and be eliminated in the 
stools. But it can be retained anywhere along the 
bowel at places of anatomical narrowing or angu-
lation such as duodenojejunal fl exure or ileocecal 
valve causing mechanical obstruction. If the 
object has irregular or sharp edges, it may lodge 
anywhere in the GI tract. If the objects are elon-
gated, they can become trapped in the appendix 
or ileocecal valve.  

16.3.2     Management of FBs 

 After ingestion, children can be asymptomatic at 
the time of presentation. If present, common 
symptoms include drooling, gagging, dysphagia, 
odynophagia, decreased appetite, food refusal, 
neck pain, chest pain, abdominal pain, cough, 
stridor, wheezing, and respiratory distress. 
Esophageal FBs often present with respiratory 
complaints. In most patients physical examina-
tion is normal [ 59 ,  63 ]. 

 The priority is to assess the presence of a FB. 
 Chest radiographs including the neck, and a 

supine abdominal one, should be obtained to rule 
out ingestion. Two orthogonal projections are 
mandatory, because some FBs, especially those 
of discoid shape, could be shown only in one 
view [ 59 ,  62 ]. Limited chest radiograph not 
including the upper thoracic inlet may miss a 
higher-up foreign body. Radiological visualiza-
tion depends on radiopacity. Radiograph detects 
as much as 80 % of all FBs [ 62 ]. Objects of metal, 
except aluminum, most animal bones, and glass 
are opaque on radiographs. Objects composed of 
plastic and most fi sh bones are radiolucent struc-
tures, and their diagnosis may be challenging. 
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Careful attention should be placed on the edges 
of a presumed coin to exclude the double halo 
typical of a button battery, which may easily be 
mistaken for a coin. Regarding FBs, such as fi sh 
bones, chicken bones, and toothpicks, an X-ray 
has a sensitivity that ranges from 23 to 55 % for 
the fi rst two and 9 % for the latter. In case of 
toothpicks, even other imaging studies have a low 
sensitivity, 15 % for MDCT and 29 % for ultra-
sound (US). But they are the methods of choice 
in the diagnosis of a FB that migrated from the GI 
tract and retained in the soft tissues [ 62 ,  65 ]. 

 An expert panel from the North American 
Society for Pediatric Gastroenterology 
Hepatology and Nutrition (NASPGHAN) was 
convened and produced the following guidelines 
for practical clinical approaches to the pediatric 
patient with a variety of FB ingestions [ 63 ]. 

 Symptomatic FBs impacted in the esophagus 
have to be removed urgently. Asymptomatic FBs 
in the esophagus should be removed within 24 h 
to reduce the risk of signifi cant esophageal injury 
or erosion into neighboring structures. 

 Once in the stomach, FBs can generally be 
managed expectantly in asymptomatic patients. 
Parents should be instructed to monitor the stools 
for passage of the FBs. X-rays should be obtained 
every 1–2 weeks until clearance can be docu-
mented. If the FB is still retained in the stomach 
after 2–4 weeks of observation, elective endo-
scopic removal may be considered. Children with 
underlying anatomic or surgical changes, such as 
previous pyloromyotomy, have an increased risk 
for retained FBs [ 63 ,  66 ,  67 ]. Just before removal 
of a retained gastric FB, X-rays should be 
repeated to make sure that the FB has not passed 
just before. 

 The gold standard is endoscopic removal 
under general anesthesia. Most ingested FBs are 
best treated with fl exible endoscopes, which 
allow retrograde exploration of the gastric fun-
dus. However, rigid esophagoscopy may be help-
ful for proximal foreign bodies impacted at the 
level of the upper esophageal sphincter or hypo-
pharyngeal region. Various retrieval devices are 
used, including rat-tooth and alligator forceps, 
polypectomy snares, polyp graspers, Dormier 
baskets, retrieval nets, magnetic probes, etc. 

Before endoscopy, practicing grasping test on an 
object similar to the ingested one may help to 
determine the most appropriate available retrieval 
device and in what fashion the object has to be 
seized. 

 However, nonendoscopic methods have been 
successfully used. The very high esophageal FBs 
can be retrieved with forceps under direct laryn-
goscopy. We have a good experience with the use 
of a Foley catheter under fl uoroscopic guidance 
to “sweep” out coins lodged in the esophagus, 
while the patient is maintained in the prone 
Trendelenburg position [ 68 – 71 ]. It can be done 
without anesthesia in selected patients. The posi-
tioning of the Foley catheter can be helped with 
some contrast in the balloon. Esophageal bougie-
nage is another technique that uses a blunt Hurst 
dilator to push down an esophageal FB into the 
patient’s stomach [ 72 – 74 ]. It is safe and cost- 
effective compared with endoscopic removal. 
The disadvantage is that direct inspection of the 
esophagus for underlying pathology is not done 
as well as inability to retrieve the FB, which 
“falls” in the stomach.  

16.3.3     Particular Cases 

16.3.3.1     Button Batteries 
 Button batteries represent a special category of 
pediatric ingested foreign body because of their 
potential for severe morbidity and mortality par-
ticularly if impacted in the esophagus [ 75 – 81 ]. 
The number has increased by 80 % between 1998 
and 2008 due to their large use in toys and elec-
tronic devices [ 81 – 83 ]. Ingested button batteries 
have been reported to cause esophageal stricture 
and perforation [ 75 ,  76 ,  79 ], vocal cord paralysis 
[ 80 ], tracheoesophageal fi stulas, and even deaths 
[ 63 ,  78 ,  81 ]. 

 Button battery cells generally contain a heavy 
metal like mercury, manganese, silver, and lith-
ium and a strong hydroxide of sodium or potas-
sium. The quality of the sealing between anode 
and cathode is highly variable. Some of them can 
resist hours in gastric acid. Reversely, others are 
quickly dissolved with a leak of the potentially 
toxic or corrosive content leading to intoxication 
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or mucosal damage by ulceration, which may 
further lead on to perforation and secondary 
stricture formation [ 80 ]. The damage can also be 
due to electrical discharge leading to low-voltage 
burns, and pressure necrosis especially in the 
esophagus [ 81 ]. These very severe complications 
can occur within a few hours as experienced on 
animals and be proven in toddlers (transmural 
necrosis of the esophagus within 3 h) [ 81 ,  84 ]. 

 Once in the stomach, batteries rarely cause 
any harm to the gastric wall, and its spontaneous 
passage through the pylorus is expected. 
Subsequently, conservative management is a 
generally accepted alternative. However, gastric 
perforation has already been described 2 days 
after ingestion [ 85 ]. Even after conservative man-
agement, these patients have to be followed up as 
distal bowel disturbances have been described 
such as Meckel’s diverticulum perforation or 
impaction in the ileocecal valve [ 86 ]. 

 Consequently, overall consensus is that batter-
ies lodged in the esophagus should be removed 
immediately. Opinions differ on the management 
of those located in the stomach in children. We 
follow the protocol suggested by Eisen [ 87 ], 
waiting to see whether the battery will spontane-
ously pass through the pylorus within 24 h, as 
long as the patient manifests no sign of injury to 
the stomach. When batteries are retained longer 
in the stomach and/or the patient becomes symp-
tomatic, we attempt endoscopic removal.  

16.3.3.2     Magnets 
 Pediatric magnet ingestions have received 
increasing attention over the past 10 years. 
Although most of those small smooth ingested 
FBs will pass spontaneously through the gastro-
intestinal tract, multiple magnets are a danger of 
being able to attract each other through different 
loops of bowel, arresting their movement, and 
causing transmural pressure necrosis. This can 
lead to bowel perforation, fi stula formation, vol-
vulus, obstruction, intra-abdominal sepsis, and 
death [ 88 – 90 ]. 

 The US Centers for Disease Control and 
Prevention has reported one death and 20 surger-
ies for bowel perforations related to magnet inges-
tions between 2002 and 2006 [ 91 ]. In 2011 there 

were 30 publications on such cases with more 
than 100 bowel perforations in children. The US 
National Electronic Injury Surveillance System 
showed that the rate of magnet-related injury had 
increased dramatically over the period from 2002 
to 2011 [ 90 ,  92 ], as did the Consumers’ Federation 
of Australia [ 92 ], the Hospital for Sick Children in 
Toronto, Canada [ 88 ], and the Surgical Section of 
the American Academy of Pediatrics [ 93 ]. These 
changes are related to the documented techno-
logical shift from ferrite magnets to neodymium-
iron-boron magnets that are approximately 10–20 
times more powerful. They are often sold as sets 
of multiple spheres approximately 5 mm in diam-
eter or as parts of toy construction kits. In 2013, 
Health Canada issued a recall of neodymium-
iron-boron magnet sets marketed as desk toys 
[ 94 ]. The United States Consumer Product Safety 
Commission established a mandatory standard 
to prevent magnets detaching from toys. This 
standard also prohibits magnets and loose mag-
net components in toys for children under age 
14 years [ 95 ]. Unfortunately, hundreds of thou-
sands of magnet sets have already been sold, 
and despite these regulations, vendors via the 
Internet continue to sell these products. The North 
American Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition released survey results 
in 2012 demonstrating that despite increasing 
warning labels, these labels were ineffective at 
preventing ingestion [ 96 ]. 

 The median age at ingestion is between 2 and 5 
years of age. But parents and caretakers should 
counsel teenagers and young adults of the hazards 
of fake body piercings that use small magnet backs. 
Consumer Product Safety Commission reported 
instances of teenagers swallowing magnets unin-
tentionally when placed on the opposite sides of 
tongue jewelry to mimic body piercings [ 97 ]. 

 Most patients are asymptomatic. A plain 
abdominal radiograph is recommended at admis-
sion if magnet ingestion is suspected as they are 
radiopaque FBs. However, X-rays and computed 
tomography lack the sensitivity to determine the 
number of magnetic objects, thus making man-
agement decision diffi cult. Some authors con-
sider that any ingestion should be treated as 
though multiple magnets were ingested [ 98 ]. 
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 If case of ingestion of an attested single mag-
net and if its size is small enough to pass spon-
taneously, the child could be managed by 
observation only. If multiple magnets are 
ingested or if their actual number cannot be 
determined as it occurs in most cases, interven-
tion is required. If the magnetic FB remains in 
the esophagus or in the stomach, it should be 
removed by endoscopy or using a magnetic 
probe. Once multiple magnets have passed the 
pylorus and remain in the duodenum, an attempt 
of endoscopic removal could be done. In case of 
failure to remove multiple magnets endoscopi-
cally or if they are already in the jejunum or 
below, surgical intervention is required to avoid 
further complications. This can be done by lapa-
roscopy with umbilical extraction or by lapa-
rotomy [ 93 ,  98 – 100 ].  

16.3.3.3     Sharp and/or Long Objects 
 Ingestion of large and/or long objects is also an 
issue of special concern. The reported incidence 
of FBs causing perforation of the GI tract is less 
than 1 %, with the objects being elongated or 
sharp in most of the cases, such as toothpicks, 
pins, fi sh, or chicken bones [ 59 ]. Furthermore, 
long, narrow, and pointed ingested FBs >5 cm in 
length (3 cm in young children) are unlikely to 
clear the duodenal sweep and, if they do, are 
equally unlikely to pass through the ileocecal 
valve [ 59 ,  63 ]. Subsequently, large or long 
objects, even though they are blunt, should be 
removed from the stomach. Given the low risk of 
endoscopy and albeit rare but signifi cant risk of 
severe morbidity and mortality from swallowed 
sharp objects, removal of all of them within the 
reach of the endoscope is recommended [ 63 ].       
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      Disorders of Intestinal Rotation 
and Fixation                     

     Anastasia     Mentessidou      and     Amulya     K.     Saxena     

17.1          Embryology 

17.1.1     Normal Intestinal Rotation 

 In the fourth week of fetal life, the primitive 
intestine is a relatively straight tube with a slight 
anterior bulge in the central portion. The superior 
mesenteric artery arising from the posterior wall 
enters the center of this anterior bulge. During the 
next 6 weeks, the intestine grows faster than the 
coelomic cavity, and as a result it is forced to her-
niate within the umbilical cord (Fig.  17.1a ). The 
intestine enters the umbilical cord at a point cor-
responding to the duodenojejunal junction and 
leaves it at a point corresponding to the primary 
colonic fl exure. The cranial part of the herniation, 
lying cranial to the superior mesenteric artery, 
corresponds to the jejunum and ileum as distal as 
the omphalomesenteric duct, while the caudal 
part to the terminal ileum and colon. After the 
tenth week, the coelomic cavity has grown suffi -
ciently and the intestine returns in the abdomen.

   Normal intestinal rotation includes a 270° 
anticlockwise rotation of both the duodenojeju-
nal loop and the cecocolic loop around the axis of 

the superior mesenteric artery. As a result, the 
duodenojejunal loop passes from a position 
above the superior mesenteric artery to a position 
below and fi nally to the left side of the artery, 
while the cecocolic loop passes from a position 
below the superior mesenteric artery to a position 
above and fi nally to the right of the artery 
(Fig.  17.1a–c ). 

 The process of intestinal rotation has been 
traditionally divided in three stages. Stage I 
includes the initial 90° anticlockwise rotation, 
which will result in positioning of the duodeno-
jejunal loop to the right of the superior mesen-
teric artery and the positioning of the cecocolic 
loop to the left of the artery (Fig.  17.1b ). This 
stage occurs during the extracelomic phase of 
intestinal development. Stage II corresponds to 
the next 180° anticlockwise rotation, which 
takes place while the intestine returns into the 
abdomen and is completed by the end of the 12th 
week. These further 180° will complete the total 
270° rotation, which will fi nally position the 
duodenum below the superior mesenteric artery 
and the duodenojejunal junction to the left of the 
superior mesenteric artery, as well as the colon 
above the superior mesenteric artery and the 
cecocolic loop to the right of the artery 
(Fig.  17.1c ). Stage III constitutes the fi nal 90° 
anticlockwise rotation of the cecocolic loop, 
which is usually completed until birth and results 
in the descent of the cecum from the right hypo-
chondrium below the liver to its fi nal position in 
the right iliac fossa. Stage III is attributed to dif-
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ferential growth. It must be highlighted that the 
staging of intestinal rotation serves only for 
understanding purposes, while the intestinal 
rotation is, in reality, a continuous process and 
should be conceived as such. 

 After normal rotation and fi xation will be 
completed, the normal mesenteric attachment 
will extend from the ligament of Treitz, at the 
level of the pylorus, to the cecum. The second 
and third portion of the duodenum, as well as the 
ascending and the descending colon, will be fi xed 
retroperitoneally [ 1 – 5 ].  

17.1.2     Disorders of Intestinal 
Rotation and Fixation 

17.1.2.1     Complete Non-rotation 
 The term refers to the absence of any intestinal 
rotation. It is characterized by a small and large 
bowel coursing vertically and a common longitu-
dinal mesentery.  

17.1.2.2     Incomplete Rotation 
 The term refers to the absence of stage II and III 
rotation, i.e., after the initial 90° anticlockwise 

rotation of the duodenojejunal and cecocolic loop 
around the superior mesenteric artery axis, no 
further rotation has occurred. As a result, the 
duodenum and small bowel are located on the 
right side of the artery and the cecum and colon 
on the left. Congenital adhesive bands between 
the bowel loops and the parietal peritoneum are 
often encountered.  

17.1.2.3     Malrotation 
 The term refers to abnormalities occurring dur-
ing stage II rotation and might include several 
different types based on the degree of rotation 
accomplished. In the commonest type, the intes-
tinal rotation has stopped at some point just 
before the 180°, and, thus, the duodenojejunal 
loop has failed to cross the midline and lies to 
the right of the superior mesenteric artery 
(Fig.  17.2 ). Similarly, the cecocolic loop has 
rotated for almost 180° but no further and lies 
anterior to the duodenum and to the superior 
mesenteric artery or slightly to the left. 
Congenital adhesive bands, traditionally known 
as Ladd’s bands, course from the cecum to the 
parietal peritoneum usually obstructing the 
second part of the duodenum.

a b c

  Fig. 17.1    Normal rotation of fetal intestine. ( a ) 
Orientation of the bowel in the umbilical cord before rota-
tion starts. ( b ) Initial 90° anticlockwise rotation (stage I). 
( c ) Further 180° anticlockwise rotation (stage II), which 
brings the duodenojejunal loop below and to the left of the 

superior mesenteric artery and cecocolic loop above and 
to the right of the superior mesenteric artery (From Lister 
J (1990) Malrotation and volvulus of the intestine. In: 
Lister J, Irving IM (eds) Neonatal surgery, 3rd edn. 
Butterworth & Co, London)       
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17.1.2.4        Reverse Rotation 
 It refers to less common types of malrotation, in 
which the fi rst 90° anticlockwise rotation (stage 
I) is followed by further 90–180° in the clock-
wise direction. As a result, the duodenum lies 
anterior to the superior mesenteric artery. The 
position of the cecum varies, based on the degree 
of its rotation. It might descend in the lower 
abdomen behind the small bowel mesentery, after 
a 90° clockwise rotation (Fig.  17.3 ), or it might 
cross the midline behind the superior mesenteric 
vessels and reach the right iliac fossa—after a 
180° clockwise rotation (Fig.  17.4 ).

17.1.2.5         Atypical Malrotation or 
Malrotation Variant 

 The intestinal rotation has been interrupted at 
some point between 180 and 270°. As a result, 

the ligament of Treitz is to the left of the midline 
but lower than the level of the pylorus. 

 In most cases of abnormal intestinal rotation 
and fi xation, the small intestine has a narrow 
mesenteric base and, therefore, is prone to twist 
around the mesenteric vessels on a clockwise 
direction causing midgut volvulus. Other causes 
of intestinal obstruction in malrotation are the 
kinks and compression of the lumen caused by 
the congenital bands. 

 The lack of normal fi xation of the right or left 
colon might result in the formation of potential 
spaces within the mesocolon, like hernial sacs, in 
which the small intestine might be entrapped causing 
right or left mesocolic hernias (Fig.  17.5 ) [ 6 ]. These 
internal hernias might cause recurrent partial obstruc-
tion of the small bowel or might eventually result in 
complete obstruction and strangulation [ 7 – 16 ].

  Fig. 17.2    Commonest type of malrotation. Anticlockwise 
rotation of duodenojejunal and cecocolic loops has 
stopped at 180° (From Lister J (1990) Malrotation and 
volvulus of the intestine. In: Lister J, Irving IM (eds) 
Neonatal surgery, 3rd edn. Butterworth & Co, London)       

  Fig. 17.3    Reverse rotation following the initial anti-
clockwise 90° rotation of stage I. The 90° clockwise intes-
tinal rotation (From Lister J (1990) Malrotation and 
volvulus of the intestine. In: Lister J, Irving IM (eds) 
Neonatal surgery, 3rd edn. Butterworth & Co, London)       
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17.2          Epidemiology and 
Associated Malformations 

 Intestinal malrotation is seen in up to 1:6000 live 
births. Most patients with volvulus (52–64 %) 
present in the fi rst month of life and the 
majority of them (70 %) within the fi rst week of 
life. Sporadic cases occur throughout life. 
Associated anomalies are found in 30–60 % of 
cases of malrotation. These include diaphrag-
matic hernias, exomphalos and gastroschisis, 
complete duodenal atresia or duodenal webs, 
jejunal atresia, Hirschsprung’s disease, anorectal 
malformations, and mesenteric cysts. Rotation 
and fi xation abnormalities are also known to 
coexist with  heterotaxy, with 70 % of these 
patients having malrotation [ 9 ,  10 ,  17 ,  18 ].  

17.3     Clinical Manifestations 

 The primary symptom is the sudden onset of force-
ful vomiting, usually bilious and less commonly 
yellowish, in a previously healthy infant. Vomiting 
might be due to duodenal obstruction caused by 
Ladd’s bands, in the absence of volvulus, or might 
be the result of an acute obstruction caused by mid-
gut volvulus. Crampy abdominal pain is also com-
mon. The obstruction might not be complete, so 
meconium and stool may be passing. Blood-stained 
emesis and passage of blood per rectum suggest 
bowel strangulation and are ominous signs. 

 Abdominal distention may or may not be pres-
ent. Sometimes, the upper abdomen might appear 
distended and the lower abdomen scaphoid. 
Generalized distention is usually indicative of 
gangrenous volvulus and is a late sign. Tenderness 
on palpation is not a constant fi nding and, like 
abdominal distention, might be a late sign. 
Dehydration secondary to vomiting and/or intes-
tinal ischemia, metabolic acidosis, and sepsis 
develop rapidly. 

 Intermittent or partial chronic midgut volvu-
lus usually presents in children older than 2 years 
with symptoms of chronic vomiting, usually bil-
ious, intermittent colicky abdominal pain, 
hematemesis, diarrhea, constipation, failure to 
thrive, and protein-calorie malnutrition. 

 In the rare types of reverse rotation, in which 
the colon lies behind the superior mesenteric 
artery, symptoms associated with partial or com-
plete colonic obstruction might present later in 
adult life [ 19 – 21 ].  

17.4     Radiologic Diagnosis 

 A plain abdominal fi lm showing gaseous disten-
tion of the stomach (Fig.  17.6a ), and sometimes 
of the proximal duodenum as well (Fig.  17.6b ), 
and a relatively gasless pattern in the rest of the 
abdomen is typical of midgut volvulus. Such a 
fi lm might be all what is required to make the 
diagnosis in an infant with bilious vomiting, who 
is not stable enough to undergo an upper GI 
contrast study. However, plain abdominal radiog-

  Fig. 17.4    Reverse rotation following the initial anti-
clockwise 90° rotation of stage I. Complete clockwise 
intestinal rotation through 180° (From Lister J (1990) 
Malrotation and volvulus of the intestine. In: Lister J, 
Irving IM (eds) Neonatal surgery, 3rd edn. Butterworth & 
Co, London)       
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raphy may not always be diagnostic, and, thus, an 
upper GI contrast study should always be consid-
ered in a bilious vomiter with a normal abdomi-
nal fi lm.

   The upper GI contrast study is the investiga-
tion of choice for the evaluation of a patient with 
suspected abnormalities of intestinal rotation. In 
normal intestinal rotation, the duodenum descends 
to the right of the midline, courses transversely to 
the left, and then ascends to the left of the midline 
up to duodenojejunal junction at the level of the 
pylorus; the loops of the proximal jejunum are 
subsequently seen on the left of the midline. 

 In malrotation, the duodenum descends to the 
right of the midline and fails to course trans-
versely to the left of the midline (Fig.  17.7a ). 
Instead of crossing the midline, the contrast 

medium is seen to fi ll the jejunal loops on the 
right of the midline (Fig.  17.7b ). Delay in the 
passage of the contrast into the jejunal loops and 
the characteristic spiral confi guration of the prox-
imal jejunum, known as “corkscrew” sign, indi-
cate obstruction because of midgut volvulus 
(Fig.  17.8 ). In atypical malrotation, the duodeno-
jejunal junction is demonstrated at the midline or 
to the left of the midline but lower than the level 
of the pylorus (Fig.  17.9 ).

     Although contrast enema is considered of low 
diagnostic value and is in present times rarely 
used, it has historically been used and can theo-
retically demonstrate the displaced cecum. 
However, 20–30 % of the cases with malrotation 
have a normally sited colon, and, furthermore, 
the mobile cecum is frequently seen in the right 
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  Fig. 17.5     Right  ( a ) and  left  ( b ,  c ) mesocolic hernias. The 
interrupted line in ( a ) shows the surgical incision at the 
area of the lateral peritoneal refl ection used to reduce the 
herniated small bowel from the mesocolon. Note that the 

inferior mesenteric vein delineates the right margin of the 
left mesocolic hernias in ( b ) and ( c ) (From Willwerth BM 
et al. (1974) Congenital mesocolic (paraduodenal) hernia: 
embryologic basis of repair. Am J Surg 128:358)       
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a b

  Fig. 17.6    Plain radiographs of infants with midgut volvulus, showing gaseous distention of the ( a ) stomach and of the 
( b ) stomach and duodenum, with a paucity of gas distally       

a b

  Fig. 17.7    Images from contrast studies of infants show-
ing malrotation. ( a ) The duodenum descends to the right 
of the midline and then fails to course transversely to the 
left. ( b ) The duodenojejunal fl exure ( arrowhead ) lies to 

the right of the midline, and the contrast is seen passing 
from the duodenum to the proximal jejunum ( arrows ) to 
the right of the midline       
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iliac fossa. The converse is also true, with the 
position of the cecum in normal individuals being 
variable [ 22 ,  23 ]. 

 Sonography has lately become popular and is 
increasingly used to demonstrate abnormalities 

of intestinal rotation by showing an abnormal 
relationship of the superior mesenteric vein to the 
superior mesenteric artery. The inversion in the 
superior mesenteric artery and vein relationship, 
with the superior mesenteric artery on the right 
and superior mesenteric vein on the left, anterior 
to the abdominal aorta, on color Doppler imaging 
is diagnostic of malrotation. In some cases of 
malrotation, however, the orientation between the 
vessels is normal. Additional sonographic signs 
are a fl uid-fi lled dilated duodenum and transverse 
intraperitoneal duodenum. The swirling appear-
ance of the mesentery and superior mesenteric 
vein around the superior mesenteric artery, 
known as “whirlpool” sign, on color Doppler 
imaging is suggestive of midgut volvulus [ 24 ,  25 ].  

17.5     Management 

 Rapid intravenous fl uid resuscitation, initiation 
of parenteral broad-spectrum antibiotics, place-
ment of a nasogastric tube, and expeditious lapa-
rotomy are essential. 

17.5.1     Ladd’s Procedure 

 The abdomen is opened through a supraumbilical 
right transverse incision. Ladd’s procedure con-
sists of the following steps: (1) exteriorization of 
the bowel and inspection of the bowel and the 
mesenteric root in order to recognize the type of 
the malrotation, (2) counterclockwise derotation 
of the volvulus, (3) division of the Ladd’s bands 
and straightening of the duodenum, (4) appendi-
cectomy, and (5) placement of the small bowel in 
the right abdomen and of the cecum in the left 
lower quadrant. 

 Exteriorization of the entire bowel is nec-
essary, avoiding traction to the mesentery, in 
order to understand the anatomy. The volvu-
lus is usually untwisted in 180° turns until the 
transverse colon and cecum are brought into 
view anterior to the superior mesenteric pedicle. 
The bowel is covered with warm moist packs 
until its pink color returns. Common fi ndings 

  Fig. 17.8    Contrast study of an infant with midgut volvu-
lus. The proximal jejunum courses inferiorly, to the right 
of the midline, in a spiral confi guration       

Center of vertebral body

Normal

Level of gastric outlet

Typical Atypical

  Fig. 17.9    Classifi cation of malrotation as typical and 
atypical on the basis of the location of the ligament of 
Treitz (and duodenojejunal fl exure) in relation to the mid-
line, as indicated by the vertebral body, and to the level of 
the gastric outlet (From Dassinger MS, Smith SD (2012) 
Ch 86. Disorders of intestinal rotation and fi xation. In: 
Coran AG et al. (eds) Pediatric surgery, 7th edn. Elsevier 
Saunders, Philadelphia)       
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suggestive of malrotation include Ladd’s bands 
extending from the terminal ileum, cecum, and/
or right colon to the duodenum, fi xation of 
the duodenum and/or proximal jejunum to the 
cecum and/or right colon, and abnormal posi-
tioning and mobility of the cecum and/or the 
duodenum. In the commonest type, the cecum 
is found in the right hypochondrium, fi xed by 
Ladd’s bands passing over the second and third 
parts of the duodenum (Fig.  17.2 ). The duode-
num should be adequately freed from all adhe-
sive bands until it is straightened and seen to 
course freely downward to the right side of the 
abdomen (Fig.  17.10 ). Dissection is carried out 
close to the serosa of the duodenum with care-
ful attention to the superior mesenteric vessels. 
All additional adhesive bands between intes-
tinal loops or between loops and the parietal 
peritoneum should be meticulously divided 
until the whole intestine from the duodenum 
to the sigmoid colon is free of kinks, in order 
to avoid recurrence of obstructive symptoms. 
Appendicectomy should not be performed if the 
cecum appears severely cyanotic.

   It is important to prove that no associated 
intrinsic duodenal obstruction is present. For this 
reason, passing a nasogastric tube through the 
duodenum or a feeding tube through a gastrot-
omy is recommended. 

 In reverse rotation, it is sometimes possible to 
move the colon from behind the mesenteric ves-
sels to a position anterior to them by a 360° anti-
clockwise rotation of the midgut. However, 
freeing the duodenum and the underlying mesen-
teric vessels from the colonic wall is usually suf-
fi cient to release the colonic obstruction. 

 In the presence of a mesocolic hernia, the her-
nial sac should not be resected, because this 
might cause devascularization of the colon. In the 
right mesocolic hernia, the entrapped small bowel 
is freed by incising the avascular lateral perito-
neal refl ection of the right colon (Fig.  17.5a ). In 
the left mesocolic hernia, particular attention 
should be drawn to retain the inferior mesenteric 
vein, which courses along the right margin of the 
hernial sac (Fig.  17.5b, c ). The small intestine is 
sometimes easily reduced through the neck of the 
sac without the need for further dissection. 

However, it is occasionally required to mobilize 
the inferior mesenteric vein and/or even make an 
incision to the right of the vein in order to widen 
the neck of the sac. After reduction of the meso-
colic hernias, the peritoneum of the sac is sutured 
to the posterior wall to obviate recurrence. 

 When there is a localized gangrenous seg-
ment, then segmental resection and primary anas-
tomosis should be performed. When, however, 
there are multiple areas of questionable viability 
or when the entire midgut appears nonviable, 
the tendency should be on the side of under-
resection rather than over-resection. A relook 
laparotomy 12–24 h later, when recovery of 
the affected bowel loops and/or demarcation of 
necrotic bowel segments will be clearly evident, 
is recommended. Preserving the minimum length 

  Fig. 17.10    Division of Ladd’s bands in order to release 
and straighten the duodenum (From Lister J (1990) 
Malrotation and volvulus of the intestine. In: Lister J, 
Irving IM (eds) Neonatal surgery, 3rd edn. Butterworth & 
Co, London)       
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of the intestine required for survival, preferably 
including the ileocecal valve, should be the high-
est priority. 

 Operative correction of asymptomatic patients 
found to have atypical malrotation has been 
recently questioned. Atypical malrotation is less 
likely to be complicated with volvulus or internal 
hernias in comparison to typical malrotation (2 
vs. 16 % and 7 vs. 21 %). Moreover, patients with 
atypical malrotation more commonly present 
with persistent symptoms post-Ladd’s procedure 
in comparison to patients with typical malrota-
tion (21 vs. 12 %) [ 26 ,  27 ].  

17.5.2     Laparoscopic Approach 

 Minimally invasive techniques can be used for 
both diagnosis and management of malrotation 
and might be particularly useful in cases with 
doubtful diagnosis. The comparative studies 
between the open and laparoscopic approach are 
limited by their retrospective nonrandomized 
design. Theoretically, although laparoscopy has 
well-recognized benefi ts, it is also believed to 
cause fewer adhesions and, as a result, to be pos-
sibly related with a higher risk of recurrent vol-
vulus. No signifi cant differences in terms of 
postoperative complications between the laparo-
scopic and open approach have been revealed to 
date. Prospective trials with long-term follow-up 
are required to make safe conclusions [ 28 – 31 ].  

17.5.3     Postoperative Complications 

 The dilatation of the duodenum and the vascular 
compromise of the bowel might cause prolonged 
postoperative ileus even up to 5–7 days. This is 
managed with expectant policy, continuous gas-
tric aspiration through a nasogastric tube, and 
intravenous fl uids. Patients with extensive bowel 
injury and short bowel syndrome will need spe-
cial management with long-term total parenteral 
nutrition. 

 The incidence of postoperative intussuscep-
tion is 3.1 % (vs. 0.05 % in other laparotomies). It 
usually presents with abdominal distention and 

bilious vomiting 5–8 days postoperatively [ 32 ]. 
The incidence of postoperative adhesive ileus is 
4 %. The incidence of recurrent volvulus is low 
(0.5–1.3 % in reported series). 

 Mortality rate has reduced signifi cantly over 
the last 60 years. However, it is still at least 65 % 
when more than 75 % of the bowel is necrotic.  

17.5.4     Management 
of Asymptomatic Malrotation 

 Controversy exists over the management of 
asymptomatic, typical or atypical, malrotation, 
which has usually been diagnosed incidentally 
during the evaluation for nonspecifi c complaints 
or prior to refl ux surgery. Moreover, atypical 
malrotation is at a signifi cantly lower risk of vol-
vulus and internal hernia in comparison with 
typical malrotation and is associated with 
increased incidence, as high as 13 %, of persis-
tent symptoms postoperatively—when symp-
tomatic—and increased incidence, as high as 
22 %, of postoperative complications [ 33 ].  

17.5.5     Management of Malrotation 
in Heterotaxy Syndrome 

 Management of asymptomatic malrotation in 
heterotaxy syndrome remains also controversial. 
Because of the high incidence of malrotation in 
heterotaxy, screening of all these patients and 
prophylactic Ladd’s procedure in the presence of 
malrotation are the standard of care in many cen-
ters. However, high complication rates up to 14 %, 
including a 10 % incidence of small bowel obstruc-
tion, have been reported after Ladd’s procedure in 
heterotaxy patients. On the basis of fi ndings of 
increased morbidity and mortality after Ladd’s 
procedure in heterotaxy patients, some authors 
now suggest that routine screening of asymptom-
atic heterotaxy patients for malrotation should be 
abandoned. Others have suggested that patients 
with left atrial isomerism are less likely to be mal-
rotated than patients with right atrial isomerism, 
and, therefore, they should be offered expectant 
management if they are asymptomatic [ 34 ,  35 ].      
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      Alimentary Tract Duplications                     

     Noemi     Cantone      and     Mario     Lima   

18.1          Introduction 

 Enteric duplications are rare development malfor-
mations that can occur anywhere along the ali-
mentary tract from the tongue to the anus. To date, 
there is no unique classifi cation that can explain 
their extremely variable onset, size, and location. 
Calder was the fi rst to publish a report of alimen-
tary tract duplications, back in 1773, describing a 
duodenal duplication. The term “intestinal dupli-
cation” was used for the fi rst time by Fitz in 1884 
but was not widely used until it became com-
monly used in 1937, thanks to Ladd and a further 
classifi cation by Gross in 1953 [ 1 – 3 ]. Several 
terms had been used before then to describe such 
anomalies such as giant diverticula, enterogenous 
cyst, or unusual Meckel’s diverticula. The current 
nomenclature, as suggested by Ladd and Gross, 
depends on the anatomic location of the duplica-
tion in relation to the normal gastrointestinal tract.  

18.2     Epidemiology 

 Gastrointestinal duplications are observed in 
1 every 4500 births, representing 0.1–0.3 % 
of all congenital malformations, with a slight 

predominance in white males [ 1 ,  4 ]. Most dupli-
cations are diagnosed in children, prenatally 
or within the fi rst two years of life in approxi-
mately two thirds of the cases; less than 30 % of 
all lesions are detected in adults [ 1 , 5 ]. They are 
generally single, but in 10–20 % of cases, they 
are multiple; if one duplication is diagnosed, it 
is therefore advisable to search for other ones. 
About 75 % of the lesions are found in the abdo-
men and 20 % in the thoracic cavity, and in a 
small percentage, they are located in the thora-
coabdominal region. The small bowel, in par-
ticular the ileum, is the site where they mostly 
occur; jejunal and ileal lesions are most common 
(50–53 %), followed by esophageal and medi-
astinal (15–21 %), colonic (12–15 %),  gastric 
(6–9 %), duodenal (4–7 %), rectal (4–5 %), 
thoracoabdominal (2–4 %), and cervical (1 %) 
lesions (Fig.  18.1  and Table  18.1 ). Although the 
embryologic site of origin is uncertain, duplica-
tion is commonly referred to as foregut, midgut, 
or hindgut derived, depending on its location; 
almost half of all duplications occur in the mid-
gut, while a third is located in the foregut [ 1 , 6 , 7 ]. 
Associated anomalies have been observed in 
about 30–50 % of patients: spinal and vertebral 
malformation in thoracic or thoracoabdominal 
duplications, intestinal malrotation, atresia and 
anorectal malformation in abdominal lesions, 
and urogenital tract anomalies in midgut and 
hindgut malformations. Congenital heart dis-
eases and pulmonary airway malformations are 
rarely associated with foregut duplications [ 5 , 6 ].
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18.3         Embryology 

 The embryologic site of origin and the patho-
physiology of these anomalies are unknown. 
Several theories have been proposed, but none of 
them, if considered individually, can explain all 

the different combinations of type, location, and 
associated anomalies of duplications. 

 There are four major theories concerning the 
origin of enteric duplications: 

  The partial or abortive twinning theory  states 
that alimentary tract duplications are the result of 
incomplete twinning. This hypothesis can apply 
in particular for the foregut and hindgut duplica-
tions that are associated with doubling of the 
mouth, genitourinary tract, and lower bowel. The 
extent of the twinning depends on the moment 
the process starts [ 8 ]. 

  The aberrant luminal recanalization theory , 
postulated by Bremer in 1944, proposed that dupli-
cation is due to the persistence of outpouching of 
the fetal bowel. This theory may apply to those 
duplications of the segment of the gastrointestinal 
tract that goes through a “solid stage,” such as the 
esophagus, small bowel, and colon. After this phase, 
which occurs between 6 and 8 weeks of intrauterine 
life, the progressive craniocaudal growth allows the 
development of a lumen. According to Bremer’s 
theory, duplication may be the result of an incom-
plete or defective vacuolization of the intestine and/
or the persistent embryological diverticula with the 
formation of two channels, either communicating 
with each other or not. This theory can apply to 
simple duplications, i.e., not associated with other 
anomalies, and provides a functional explication of 
the highest occurrence of duplications in the ileal 
tract, which is the main site of diverticula; however, 
it does not provide proper explanation for the het-
erotopic mucosa found in some duplications and 
why the lesions are located more frequently on the 
mesenteric side while most of diverticula are found 
instead on the antimesenteric side [ 9 ]. 

 Bentley and Smith in 1960 proposed  the split 
notochord theory  to describe the duplications that 
develop in the chest and are associated with spinal 
defects and skin anomalies. During the third to 
fourth week of gestation, the notochord starts to   Fig. 18.1    Distribution of duplications by location and 

frequency       

   Table 18.1    Distribution of duplications by location and frequency   

 Foregut duplications  Midgut duplications  Hindgut duplications 

 Esophageal: 15–21 %  Jejunal: 10–18 %  Colonic: 12–15 % 
 Thoracoabdominal: 2–4 %  Ileal: 35–40 %  Rectal: 4–5 % 
 Gastric: 6–9 %  Cecal: 3–5 % 
 Duodenal: 4–7 % 
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close and separate from the endoderm. If an error 
occurs during the separating phase, an abnormal 
adhesion between the neural tube ectoderm and the 
gut endoderm forms, with the development of a gap 
and a secondary herniation of endodermal cells; fur-
thermore, endodermic tissue can act as a barrier to 
the anterior fusion of the vertebral mesoderm result-
ing in vertebral defect. This mechanism may explain 
the long duplication cysts and foregut duplication, 
their dorsal location, and the association with spinal 
malformation (15 % of the cases). It does not 
explain, however, the entire range of abnormalities 
(such as heterotopic gastric mucosa) [ 10 ]. 

  The environmental factors theory  suggests 
that stress, hypoxia, and trauma can be involved 
as cause factors of the malformation as described 
by Mellish and Koop in 1961. Although the 
actual mechanism that induces the malformation 
is not clear, an intrauterine vascular accident and/
or a compression from nearby organs could 
explain the anomalies and the association with 
other malformations as intestinal atresia [ 11 ]. 

 Foregut duplications need to be discussed sepa-
rately. Foregut duplications include a wide spec-
trum of anomalies, the esophageal, the 
bron-chogenic, and the neurenteric cysts, subdi-
vided according to their embryologic origin, the 
anatomopathological characteristics, and the ana-
tomical district concerned. It is believed that bron-
chogenic and the esophageal duplication cysts 
result from an altered budding of the embryonic 
foregut between the fi fth and the eighth week of 
gestation; notochord subdivision alterations can 
explain the origin of the neurenteric cysts. About 
50–60 % of foregut duplications are bronchogenic; 
they are usually located close to the trachea but can 
be found in many locations (mediastinum, intrapa-
renchymal, paraesophageal, paratracheal, perihilar) 
and are frequently associated with congenital pul-
monary airway malformations (congenital cystic 
adenomatoid malformations, pulmonary sequestra-
tion), forming hybrid lesions. An enteric cyst may 
be lined by ciliated respiratory epithelium, but the 
presence of bronchial wall structures, particularly 
cartilage, but also smooth muscle and glands, is 
necessary for diagnosis of bronchogenic cyst; a 
neurenteric cyst can also be lined by enteric-type 
mucosa and has a pedicle that extends to the spinal 
canal [ 12 ,  13 ].  

18.4     Anatomical Pathology 

 As described by Ladd, enteric duplications have 
three characteristics: (1) an intimate anatomical 
connection with any part of the gastrointestinal 
tract, (2) an epithelial lining representing some 
portion of the alimentary tract, and (3) a well- 
developed coat of smooth muscle [ 3 ]. The lesion 
tends to locate on the antimesenteric side of the 
alimentary tract with which it frequently shares 
the muscular coat and blood supply. The epithe-
lial lining is usually the same as the mucosa 
native to the lesion, but in 35 % of the cases, an 
ectopic tissue is present, most commonly gastric 
followed by pancreatic mucosa, which predis-
poses to complication as ulceration, hemorrhage, 
and perforation; rarely, in the thoracic duplica-
tion, a respiratory epithelial lining can be pres-
ent. Generally duplications are classifi ed as two 
entities, the tubular and the cystic type. Cystic 
lesions are more common (65–90 %); they are 
more frequently found in the small intestine and 
can have big size; and they are closed at their 
two ends and normally covered with the same 
mucosa as the native intestine. They do not usu-
ally communicate with the intestinal lumen. The 
tubular type (10–35 %) can often be remarkably 
long; it may communicate with the adjacent ali-
mentary tract, usually in the caudal end or at 
both ends, and can contain heterotopic mucosa 
more frequently than the cystic type [ 1 ,  5 ,  14 ]. 

 Li et al. have classifi ed small intestinal dupli-
cations in two types based on the vascular pattern 
(Fig.  18.2 ).

   Type 1 lesion or parallel type (74.4 %): the dupli-
cation develops in one side of the mesentery, 
and there are two separated blood vessels, one 
perfusing duplication and one native bowel.  

  Type 2 lesion or intramesenteric type (24.6 %): 
the duplication is located between the two 
 layers of mesentery and vessels from both 
sides of the mesentery cross the duplication to 
reach the native bowel.   

   In their study, Li and colleagues found that 
vertebral defects were more frequently associ-
ated with the type 2 lesion (91.6 %) than the type 
1 lesion (5.5 %), hypothesizing a different embry-

18 Alimentary Tract Duplications



258

ologic cause as the origin of the two anomalies. 
Furthermore, their study shows how the knowl-
edge of the vascular anatomy of small intestinal 
duplications may have a surgical implication, 
allowing excision of these lesions without resec-
tion of the adjacent bowel. The type 1 duplication 
could be excised by dividing the mesentery; the 
type 2 duplication may be enucleated by tying off 
the short branches from the main vessels [ 15 ].  

18.5     Clinical Manifestations 

 Clinical manifestations are extremely variable, 
depending on the site, type, and size of the duplication 
and if it contains gastric mucosa. Most  duplications 

(80 %) are detected in the fi rst two years of age, in 
particular in half of the cases in the fi rst six months 
of age. They are frequently asymptomatic and diag-
nosed incidentally on routine X-ray or ultrasound 
examination performed for other  malformations or 
rarely may be an incidental intraoperative fi nding. 
In recent years the  diagnosis has been increasingly 
made with prenatal ultrasonography. 

 When located in the mediastinum, they could 
lead to pneumonia, wheezing, cough, or dyspha-
gia. Symptoms such as respiratory distress and 
failure to thrive are more common in small 
infants, whereas chest pain occurs more fre-
quently in older children. 

 The most common presentations of an 
abdominal duplication are abdominal pain and 

Type I

Type II

Ia Ib Ic

IIa IIb

  Fig. 18.2    Classifi cation of small intestinal duplications 
based on their blood supply. In  type 1 , the duplication is 
located on one side of the mesentery, and the main artery 
of the duplication is parallel to the main artery of the 
bowel.  Type 1a , the duplication has a separate mesentery; 
 type 1b , the duplication shares common mesentery with 
the gut; and  type 1c , the duplication shares common 

 muscular coat with the gut. In  type 2 , the lesion is located 
between the two layers of the mesentery and supplied by 
vessels from both sides of the mesentery that pass over 
from both surfaces of the duplication to reach the native 
bowel.  Type 2a , the duplication is separate from the 
bowel, and  type 2b , the duplication shares common mus-
cular coat with the bowel       
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distension, vomiting, and abdominal mass. 
Complications include bleeding and perforation 
due to an ectopic gastric mucosa, with peptic 
ulceration or intestinal occlusion due to the devel-
opment of volvulus, intussusception, or extrinsic 
compression frequently for an acutely enlarged 
cystic mass. Other rare complications are pancre-
atitis and cholecystitis in the gallbladder, duode-
nal and pancreatic duplication, cyst infection, and 
malignancy, the latter more frequent in adulthood 
and in hindgut duplications. Volvulus and intus-
susceptions are more frequent in midgut duplica-
tions, whereas in hindgut duplications symptoms 
by mass effect with obstruction of both the uri-
nary tract and the bowel tract prevail. Bleeding, 
hemorrhage with melena, and perforation are 
frequent both in midgut and hindgut duplications 
[ 4 ,  14 ,  16 ].  

18.6     Diagnosis 

 The high resolution modern imaging techniques 
allow physicians to identify enteric duplica-
tions in the prenatal age, in particular those 
located in the chest and in the upper abdomen, 
in approximately 30 % of cases. Since duplica-
tions are often associated with other malforma-
tions, if an enteric duplication is found during a 
prenatal ultrasound, a fetal magnetic resonance 
imaging (MRI) is advisable. The fetal MRI also 
allows physicians to identify fetuses at risk who 
might require invasive procedures (i.e., tho-
raco-amniotic shunt for fetal hydrops or medi-
astinal shift) and to establish the best therapeutic 
strategy in the postpartum so as to avoid com-
plications [ 14 ,  16 ]. 

 The clinical history and the physical examina-
tion are the fi rst step for the diagnosis of a dupli-
cation, whereas the laboratory exams may detect 
only anemia in case of bleeding due to  heterotopic 
mucosa or higher serum amylase and lipase lev-
els in the rare case of pancreatitis. 

 Postnatally ultrasound can be useful to dem-
onstrate the nature (solid or cystic) and the loca-
tion of the mass as well as to evaluate any 
connection with the adjacent intestine. The cystic 
lesion appears as an anechoic structure (in case of 
no bleeding) surrounded by a 2–3 mm thick wall 

that determines a characteristic and pathogno-
monic echogenic signal defi ned as “gut signa-
ture” or “double layer,” which is made up of an 
hyperechoic inner mucus layer and a hypoechoic 
muscular outer layer. 

 An abdominal X-ray can show a mass effect 
in the event of a large cyst or signs of intestinal 
obstruction or perforation in complicated 
cases. A thorax X-ray can show a mass usually 
located in the medium or posterior mediasti-
num and eventually associated vertebral 
anomalies. 

 Computerized axial tomography scan (CT 
scan) and MRI are more accurate in showing 
the anatomical features and the relationship with 
nearby organs; MRI is advisable in the childhood 
and useful to detect any spinal involvement. 

 Gastrointestinal contrast studies can demon-
strate a fi lling defect as the duplication does not 
usually communicate with the intestinal lumen. 
The endoscopic ultrasonography, the esophago-
gastroduodenoscopy, and the wireless capsule 
endoscopy can show ulcers or stenosis and can 
help defi ning better the anatomy before a surgery. 
The endoscopic ultrasound (EUS) can provide 
further information, detecting the cystic nature of 
the lesion with its characteristic wall, its location, 
and its anatomical relationships with adjacent 
structures; it can also be useful as a guide for fi ne 
needle aspiration, which is used only in selected 
cases. 

 In the case of a patient presenting anemia 
and lower gastrointestinal bleeding, a scintig-
raphy with technetium-99m pertechnetate can 
be useful to identify ectopic gastric mucosa and 
make a differential diagnosis with the Meckel’s 
diverticulum. 

 Defi nitive diagnosis is based on histopatho-
logical fi ndings after surgical excision. 

 Differential diagnosis includes intrathoracic 
mass or tracheoesophageal fi stula in the foregut 
duplications, appendicitis, Meckel’s diverticulum 
and other causes of intussusception in the small 
bowel duplications, and constipation or 
Hirschsprung’s disease in colonic and hindgut 
duplication. In the rare case of a gastric or duode-
nal duplication, the sign and symptoms can 
mimic a hypertrophic pyloric stenosis or a gastro-
esophageal refl ux [ 1 ,  4 ,  8 ,  14 ].  
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18.7     Management 

 Management depends on the presentation. 
Intestinal duplications often require an urgent sur-
gical intervention due to the onset of complications 
such as perforation,  intestinal occlusion, or severe 
bleeding. This is why, although the treatment of 
asymptomatic lesions remains controversial, most 
authors currently recommend surgery even with 
no symptoms in order to avoid any complication 
at a later moment [ 16 ,  17 ]. The type of surgery 
varies depending on the cases [ 6 ,  7 ]:

•    Enucleation of the intestinal duplication only 
where possible.  

•   Resection of the duplication along with the 
adjacent intestinal segment and end-to-end 
anastomosis in the event of small cystic or 
short tubular duplications.  

•   Total excision of the duplication through 
extramucosal dissection according to Wrenn 
procedure, which includes stripping of the 
entire mucosa through a series of multiple 
incisions; this technique applies to extended 
tubular duplications or large cystic ones where 
an intestinal resection would cause a short 
bowel syndrome [ 18 ,  19 ].  

•   Drainage procedure, like fenestration or marsu-
pialization of the duplication into the lumen 
after total or partial resection or puncture of the 
lesion, in the cases where removal is diffi cult, 
i.e., in the duodenal duplication, mediastinal 
duplication, or duplication near biliary or pan-
creatic tracts; this intervention has a high risk of 
recurrence.     

18.8     Classifi cation and Treatment 
by Location 

18.8.1     Oropharyngeal Duplications 

 Oropharyngeal duplications are very rare, being 
1 % of all duplications. The most common 
 location is the fl oor of the mouth and they may 
contain gastric or colonic mucosa. In most cases 
they are asymptomatic; sometimes, however, 
failure to thrive may be the presenting symptom. 

The treatment consists in an oral approach with 
cyst resection and oral mucosa reposition [ 1 ,  14 ].  

18.8.2     Cervical Duplications 

 Esophageal duplications starting from the cervi-
cal area are extremely rare, are usually cystic, and 
are strictly adherent to the esophagus. Symptoms 
include a palpable mass and/or symptoms due to 
compression of the adjacent structures; this is 
why the diagnosis is usually made during the fi rst 
months of life. The CT scan is the gold standard 
for diagnosis to evaluate any anatomical connec-
tions. The differential diagnosis includes lym-
phatic malformations, cysts of the airway, 
branchial apparatus cysts, thyroglossal cysts, cer-
vical lymphadenopathies, and esophageal diver-
ticula. Treatment consists in complete excision, if 
possible, or partial excision with mucosa removal 
through a supraclavicular approach [ 1 ,  14 ].  

18.8.3     Thoracic Duplications 

 Thoracic duplications are the second most com-
mon site of duplications, accounting for approxi-
mately 15–21 % of alimentary tract duplications; 
the foregut duplication is the second cause of 
mediastinal mass after neurogenic tumors. 
Although esophageal duplications may develop 
throughout the length of the esophagus, two thirds 
of these lesions are found in its lower third and one 
third in the upper/middle third of the esophagus. 
They are typically located in posterior mediasti-
num, more commonly in the right side. They are 
usually cystic and do not share a muscular wall or 
communicate with the esophageal lumen. In 80 % 
of the cases, they are diagnosed in childhood and 
are more frequent in male patients. The clinical 
presentation includes symptoms secondary to 
extrinsic tracheal and esophageal compression up 
to respiratory distress; the upper esophageal dupli-
cation can cause stridor, tirage, and cough, while 
duplication in the middle or lower esophagus can 
cause dysphagia,  epigastralgia, chest pain, or vom-
iting. Furthermore, gastric mucosa is present in 
about 30–50 % of all esophageal duplications, 
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with possible bleeding and secondary hemateme-
sis, melena, or hemoptysis as a manifestation of 
fi stula formation with bronchial tree. Other rare 
manifestations include cardiac arrhythmia, 
retrosternal and thoracic back pain, and cyst rup-
ture with mediastinitis. Additionally, they are very 
frequently associated with vertebral anomalies 
(20–50 %) and thus defi ned neurenteric cyst, 
including hemivertebra or spinal dysraphism, with 
possible neurological problems (in 20 % of cases, 
a communication with the spinal cord is described); 
other anomalies found in a lower percentage of 
cases include diaphragmatic hernia and esopha-
geal atresia. A clinical suspicion, if not raised pre-
natally, may arise with a thorax X-ray, a contrast 
study of the upper gastrointestinal tract, and even-
tually an endoscopy. Endoscopically they cannot 
be distinguished from a lipoma, a leiomyoma, a 
gastrointestinal stromal tumor, or a submucosal 
lesion. With EUS the duplication appears as an 
anechoic cyst with the characteristic multilayered 
wall structure; the EUS-guided fi ne needle aspira-
tion is possible but usually reserved for lesions of 
indeterminate appearance, atypical or suspected 
for malignancy, also due to the high risk of post- 
aspiration infections. The best imaging technique 
to defi ne anatomic details is CT scan or MRI; the 
latter is the gold standard for defi ning neurenteric 
cysts. An abdominal ultrasound is required to 
exclude any associated intestinal duplications 
which are found up to a third of the cases [ 4 ,  14 ]. 

 The treatment of choice consists of the exere-
sis or enucleation, if possible, through a thora-
cotomy or a thoracoscopic procedure; other 
authors suggested the surveillance with EUS of 
some asymptomatic lesions. 

 The approach used in the intrathoracic cysts is 
a posterolateral thoracotomy with the patient 
positioned on the opposite site with respect to the 
lesion location. The muscle-sparing technique 
ensures a gentle separation and a rapid cicatriza-
tion. Resection of the cyst must be close to the 
esophagus and must include the removal of the 
residual mucosa. If the cyst is in the contest of the 
esophagus wall and does not communicate with 
the esophageal lumen, the duplication must be 
removed by opening the wall of the esophagus 
and performing an extramucosal excision,  leaving 

the mucosa intact. Any communication with the 
esophageal lumen must be closed, repairing the 
muscular defect also with an edge of duplication 
and checking the mucosal integrity by air or fl uid 
insuffl ation through a nasogastric tube. In some 
cases it might be useful to perform the surgery 
under the guide of a fl exible endoscope. 

 Video-assisted thoracoscopic resection is pos-
sible in many cases (Fig.  18.3 ). The patient is 
placed in a lateral position on the healthy fl ank. 
The homolateral arm is raised above the head, the 
hemithorax is elevated by axillary roll, and the 
body is rotated into a near-prone position to 
expose the posterior part of the thorax. The optic 
(5–10 mm/0–30°) is inserted with an open tech-
nique in the V intercostal space, along the middle 
axillary line, inferior to the tip of the scapula. Two 
or more 3–5 mm instrumental ports are intro-
duced to create a triangulation of the instruments. 
Single-lung ventilation with collapse of the ipsi-
lateral lung can help the surgical removal of the 
cyst. The mass is exposed with blunt dissection 
and cauterization; after dissection, the mass is 
aspirated for decompression, if required, and 
extracted through a trocar site. If the cyst cannot 
be removed completely due to the risk of damag-
ing the esophagus or the airways, the borders of 
the cyst can be left and ablated using electrocau-
terization. At the end of the procedure, it is impor-
tant to check and close any leak in the esophageal 
wall which might pose the risk of an esophageal 
perforation or a pseudodiverticulum formation. 
Usually an apical chest drainage is left.

   In the case of neurenteric cysts, a surgery with 
the aid of neurosurgeons is required; resection of the 
bone and laminectomy, if required, are usually the 
fi rst step, with subsequent exeresis of the thoracic 
mass. Mortality in these cases may be high [ 12 ,  13 ].  

18.8.4     Thoracoabdominal 
Duplications 

 Thoracoabdominal duplications are 2–4 % of all 
duplications. They are generally the tubular type, 
can communicate with the intestinal lumen, and 
frequently have ectopic gastric mucosa. They go 
down to the right of the esophagus, go over the 
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diaphragm near the right pillar or through the 
esophageal or aortic orifi ce, and extend along the 
greater curvature of the stomach and the mesen-
teric side of the duodenum and jejunum. Clinical 
picture is similar to that of the thoracic duplica-
tions, with the association of abdominal symp-
toms such as recurrent abdominal pain or palpable 
mass; neurological symptoms may also be present 
as they are frequently associated with rachis mal-
formations in the thoracic area. The diagnostic 
investigations required are the same as those for 
the thoracic duplications: thoracic and abdominal 
CT scan and MRI are required before performing 
any surgery. The treatment consists in one-stage 
combined thoracoabdominal approach; occasion-
ally a laminectomy is also necessary in the case 

of intraspinal lesions. After removing the rachis 
component, the duplication is separated from the 
esophagus and is removed up to the diaphragmatic 
defect and then sutured; alternatively, the thoracic 
portion is pulled into the abdomen through the 
diaphragm and then removed. The duplication is 
fi nally removed through an abdominal approach, 
by means of an excision or following Wrenn’s 
surgical principles [ 1 ,  5 ].  

18.8.5     Gastric Duplications 

 Gastric duplications account for 5–9 % of all 
duplications. Unlike other duplications, they 
appear to be more frequent in females. They are 

a

c
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  Fig. 18.3    Thoracoscopic excision of an esophageal 
duplication. ( a ) Thoracoscopic identifi cation of the dupli-
cation. ( b ) The lesion is aspirated to facilitate the removal. 

( c ) After blunt dissection, the mass is extracted through a 
trocar site by an endobag or a fi nger glove       
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more often cystic and noncommunicating lesion 
and are located along the greater curvature, 
although they can be found in any part of the 
stomach. The lining mucosa is usually the gastric 
type, although intestinal or colonic mucosa may 
be found; gastric duplications may also contain 
pancreatic mucosa or ciliated cells and can rarely 
communicate with the pancreatic duct system. 
These patients usually become symptomatic in 
the fi rst months of life. The symptoms are usually 
related to the mass effect and include vomiting, 
abdominal pain, epigastric pain, weight loss and 
failure to thrive, and sometimes pancreatitis; if a 
communication with the lumen is present, a pep-
tic ulceration can result in a hemorrhage with 
hematemesis and melena or perforation. 

 Diagnostic evaluation includes an abdomi-
nal ultrasound in order to differentiate a gastric 

duplication from a hypertrophic pyloric stenosis, 
of which it can mimic the symptoms, and from 
pancreatic pseudocysts and choledochal cysts 
which are included in the differential diagnosis of 
these duplications as well. A barium swallow, an 
endoscopy, or an EUS can provide further infor-
mation, but an abdominal CT scan is usually nec-
essary to defi ne better the anatomy and identify 
any synchronous lesions [ 15 ,  16 ]. 

 The treatment of the gastric duplication should 
be complete resection. Most duplications can be 
easily removed by an extramucosal dissection, 
suturing the muscular defect, and checking, at the 
end of the procedure, the integrity of the gastric wall 
by insuffl ating air through a nasogastric tube; the 
excision can be performed via laparoscopy 
(Fig.  18.4 ). In other cases, the duplication is 
removed via a partial gastrectomy (wedge resection) 

a

c

b

  Fig. 18.4    Laparoscopic removal of a gastric duplication. 
( a ) Laparoscopic identifi cation of the gastric duplication. 
( b ) The cystic lesion is emptied before the enucleation. 

( c ) The lesion is removed by an endobag. Gastric duplica-
tions, as well as duodenal and colonic duplications, need 
a purely laparoscopic approach       
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or, in case of a long duplication, by partial resection 
and stripping of the residual mucosa. An alternative 
procedure is to divide the septum between the gas-
tric duplication and the gastric lumen with a linear 
stapler, with a high risk of complication if the ecto-
pic mucosa is left in situ [ 6 ,  20 ,  21 ].

18.8.6        Duodenal Duplications 

 The duodenum is a rare location for duplications 
and accounts for 4–7 % of all duplications. They 
are frequently the cystic type, may occasionally 
communicate with the duodenal lumen, and are 
covered by duodenal mucosa in most cases or 
more rarely by pancreatic, gastric, or intestinal 
mucosa. They are located in the medial or poste-
rior portions of the fi rst or the second part of the 
duodenum with a possible communication with 
the pancreatic or common bile duct. The clinical 
picture is usually not specifi c, with abdominal 
pain or distension or failure to thrive, up to an 
intestinal obstruction with a palpable mass; pan-
creatitis, jaundice, and hemorrhage due to peptic 
ulceration may be the onset. An abdominal ultra-
sound can show a cystic mass, the position of 
which, in association with the clinical picture, 
often creates diffi culties with the differential diag-
nosis with a pancreatic cyst and pseudocyst and 
choledochal cysts; an upper gastrointestinal con-
trast study can show an extrinsic compression of 
the duodenum with alterations of the C-shaped 
duodenal convexity. A CT scan, an endoscopic 
retrograde cholangiopancreatography (ERCP), 
and an MRI cholangiography are useful to evalu-
ate the connections with the adjacent structure, in 
particular with the pancreas and biliary tree. Due 
to their location and close anatomical relations 
with the duodenum, biliary tree, and pancreas, the 
complete exeresis with division of any ductal 
communication can be very diffi cult; if an  exeresis 
cannot be performed, partial excision with muco-
sectomy or endoscopic or percutaneous drainage 
is possible, although internal drainage is prefera-
ble. Marsupializations of the cyst to the duode-
num or to a Roux-en-Y loop of the intestine are 
possible techniques; rarely a pancreaticoduode-
nectomy is required (Whipple procedure). In any 

case it is advisable to perform an intraoperative 
cholangiography to evaluate any connection with 
the biliary tree; in the case of gastric mucosa diag-
nosed through an intraoperative biopsy, it is 
highly recommended to remove it completely 
even with mucosal stripping only [ 7 ,  21 ].  

18.8.7     Gallbladder and Pancreatic 
Duplications 

 These types of duplications are very rare. 
 Pancreatic duplications are more frequently 

located in the head of the pancreas (51 %), 
whereas the remaining ones are placed with the 
same frequency in the body or the tail. Symptoms 
and radiologic examinations are the same as with 
duodenal duplications. Treatments include dupli-
cation excision, cystojejunostomy, pancreatico-
duodenectomy, or partial pancreatectomy; the 
differential diagnosis between pancreatic dupli-
cations and pancreatic pseudocysts can be made 
with a histological examination [ 8 ,  14 ]. 

 Gallbladder duplications look like double gall-
bladders and duplicated cystic ducts. According 
to Boyden’s classifi cation,  gallbladders may share 
a common cystic duct (vesica fellea divisa or 
bilobed gallbladder) or more frequently may have 
two cystic ducts (vesica fellea duplex or true 
duplication); the true duplication is subclassifi ed 
into “H-shaped type,” in which two separate gall-
bladders and cystic ducts enter separately into the 
common bile duct, and “Y-shaped type,” where 
the two cystic ducts unite before entering into the 
common bile duct [ 22 ]. The clinical presentation 
can be like an acute cholecystitis or may include 
bleeding due to the presence of heterotopic gastric 
mucosa. The diagnosis of gallbladder duplication 
is often made intraoperatively. ERCP and intraop-
erative cholangiography are the most accurate 
tests in displaying the biliary tract anatomy of 
gallbladder duplications and have been recom-
mended to defi ne the biliary tract anatomy clearly 
before surgical intervention. Simultaneous 
removal of both gallbladders by both open and 
laparoscopic techniques is recommended to avoid 
cholecystitis and symptomatic gallstones in the 
remaining organ [ 6 ,  7 ].  
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18.8.8     Small Bowel Duplications 

 They are the most common intestinal duplications 
(50–53 % of all duplications). The most common 
location is the ileum. They may be the noncom-
municating cystic type or the tubular type, fre-
quently communicating, and are located on the 
mesenteric side. A third of the duplications is 
diagnosed in the neonatal period, and in about 
70 % of the cases, the onset is within the fi rst two 
years of life. The clinical picture can include a 
palpable mass, recurrent abdominal pain, or 
symptoms secondary to a complication such as 
intussusception, volvulus, small bowel obstruc-
tion, peptic ulcer, and perforation due to the pres-
ence of ectopic gastric mucosa. If not diagnosed 
prenatally, radiological investigations to be per-
formed postnatally include an abdominal ultra-
sound, which can show the typical cystic aspect of 
duplications with “double layer” and can be suf-
fi cient to diagnose a duplication; the technetium- 
99m pertechnetate scintigraphy in patients who 
have bleeding, which ensures a differential diag-
nosis with Meckel’s diverticulum; and CT scan 
and MRI in case of diagnostic doubts. The differ-
ential diagnosis includes mesenteric or omental 
cyst, ovarian cyst, and Meckel’s diverticulum, 
which is conversely located on the antimesenteric 
side of the bowel [ 5 ,  6 ,  8 ,  14 ]. 

 The diagnosis is frequently intraoperative. 
Recently, laparoscopy has been suggested as a 
diagnostic and therapeutic method as it reduces 
hospitalization and post-surgery pain; in small 
intestinal duplications, a video-assisted proce-
dure may be performed because the bowel is eas-
ily extracted from the umbilicus (Fig.  18.5 ). In 
laparoscopic procedure, the patient is in a supine 
lithotomic position. An umbilical trocar for the 
optic is inserted; a 5 mm is usually used for small 
bowel and cecal duplications, while a 10 mm 
Hasson-type trocar is recommended for video- 
assisted procedure. Two or more 3–5 mm instru-
mental ports are introduced to create a 
triangulation of the instruments; in the video- 
assisted procedure, only one instrumental trocar 
is necessary, usually positioned in the left fl ank. 
Pneumoperitoneum is created (8–10 mmHg of 
pressure, 0.5–1 lt/min of fl ow). The procedure is 

performed in a laparoscopic way in the gastric, 
duodenal, and colonic duplications, while in the 
small intestinal duplication, a video-assisted pro-
cedure may be used. Small intestinal cystic dupli-
cations can be enucleated without resection of 
the adjacent bowel, according to the principles of 
Li and colleagues (see above). If it is not possi-
ble, a resection of both duplications and native 
bowel after ligation and division of associated 
mesenteric vessels with primary end-to-end anas-
tomosis can be performed [ 16 ,  17 ,  20 ,  21 ].

   Very long tubular duplications represent a 
greater surgical challenge for the high risk of 
short bowel syndrome secondary to massive 
resection. The extramucosal dissection envisages 
the stripping of the mucosal lining through a 
series of longitudinal seromuscular incisions and 
the resection of the two ends of the duplication, 
which usually communicate and are possible 
sites of bleeding ulcers due to the presence of 
ectopic gastric mucosa [ 18 ,  19 ]; this operation 
may be performed by video-assisted procedure 
(Fig.  18.6 ) [ 21 ]. Alternatively, a marsupialization 
with creation of a large window proximally and 
distally between the duplication and the adjacent 
intestinal lumen may be performed to allow the 
drainage of the duplication, however, with the 
risk of retained gastric mucosa. During surgery it 
is important to check the whole bowel in order to 
exclude the presence of multiple lesions and any 
association in the newborn period with intestinal 
atresia or malrotation.

18.8.9        Hindgut Duplications 

 Colonic and rectal duplications account for about 
16–20 % of all duplications. The hindgut dupli-
cation may be classifi ed in three types. The fi rst 
type is the cystic or short tubular duplication, 
frequently located in the mesenteric side, with 
clinical and imaging features similar to the small 
bowel duplications. The second type includes 
the mass located in the midline, in front of the 
sacrum or coccyx, and behind the rectum; they 
are usually cystic masses that frequently share 
the rectum vascularization and can be diffi cult to 
remove. The last type is the side-to-side rectal and 
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colonic duplication; they are tubular, located on 
the mesenteric or antimesenteric side, and usu-
ally communicate with the intestinal lumen; they 
can develop throughout the entire colon and open 
up in the perineum. The last type is twice more 
frequent in females and may be associated with 
rectogenital or rectourinary fi stula, duplication of 
internal or external genitalia, or vertebral anoma-

lies (abortive twinning anomalies). The clinical 
picture varies and includes abdominal pain, con-
stipation, and obstruction symptoms; in the case 
of urogenital fi stula, gas or stool can pass through 
the vagina or with urine; urinary obstruction or 
retention and bleeding are very rare symptoms. 
Rectal duplications are typically the cystic type 
and located in the retrorectal space. They can 
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  Fig. 18.5    Video-assisted procedure for small intestinal 
duplications. ( a ) After laparoscopic identifi cation of the 
ileal duplication, the ileum is exteriorized through the 
umbilical wound. ( b ) The small intestinal cystic duplica-
tion is enucleated in an open way without a need of resec-

tion of the adjacent bowel. ( c ) The residual muscular 
defect is repaired. ( d ) At the end of the procedure, a lapa-
roscopic control is performed to check the suture or anas-
tomosis and to exclude bleeding       
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dislocate or compress the rectum, the bladder, or 
the ureters, thus causing stypsis or fecal inconti-
nence, hydronephrosis, or perianal fi stula in the 
case of communication with the rectal lumen; pro-
lapse is very rare. Other congenital anomalies are 

rarely associated; the differential diagnosis must 
be made with ovarian cyst, rhabdomyosarcoma, 
or sacrococcygeal teratoma. Pelvic ultrasound, 
barium enema, fi stulography, and CT scan or MRI 
are the investigations that can be performed in 

a b

c d
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  Fig. 18.6    Surgical approach for long tubular duplica-
tions. ( a ) After laparoscopic identifi cation of the long 
tubular duplication, the ileum is extracted through the 
umbilical wound, using an Alexis retractor. ( b ) The resec-
tion of the entire tubular duplication can lead to short 
bowel syndrome. ( c ) A mucosal stripping is performed. 

( d ) The junctions of duplicated and normal bowel are 
resected, due to the frequent presence of heterotopic gas-
tric mucosa in these sites. ( e ) The ileum aspect at the end 
of the procedure. ( f ) The duplication aspect after resection 
(mucosa lining and distal communication segment)       
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order to diagnose hindgut duplications; a voiding 
cystourethrogram must be performed in the forms 
with genitourinary fi stula [ 1 ,  7 ,  8 ,  14 ]. 

 Treatment of colon duplications varies accord-
ing to their type, extension, and form. Cystic 
duplications can be removed by enucleation or 
resection. For tubular duplications the approach 
consists of resection, if possible, or marsupializa-
tion or fenestration, creating a large communica-
tion between the duplication and the colon, both 
proximally and distally, with dissection of the dis-
tal part of the duplication, if there is an opening 
into the perineum or in the urogenital system. 

 Treatment of rectal duplications varies from 
exeresis via a sagittal posterior approach or 
endorectally to marsupialization via a transanal 
approach up to separation of the septum between 
the duplication and rectum. 

 As colon and rectal duplications rarely contain 
ectopic mucosa, stripping of the mucosa is not usu-
ally performed. The incidence of neoplastic changes 
(mainly adenocarcinoma) in hindgut duplications is 
anyway higher than in other locations [ 1 ,  8 ,  21 ].      
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      Meckel’s Diverticulum                     

     François     Varlet     ,     Sophie     Vermersch    , 
    Nasser     Bustangi    ,     Manuel     Lopez    , 
and     Aurélien     Scalabre   

19.1          Introduction 

 Described since 1598 by Wilhelm Fabricius 
Hildanus, this intestinal diverticulum was known 
as Meckel’s diverticulum (MD) because Johann 
Friedrich Meckel demonstrated in 1809 in 
chicken embryos the connection between primi-
tive small bowel and yolk sac, and he was the fi rst 
to describe the diverticulum as a remnant of the 
omphalomesenteric or vitelline duct [ 1 ]. The MD 
is the commonest congenital abnormality of the 
gastrointestinal tract and is present in approxi-
mately 1–2 % of the population [ 2 – 7 ]. Clinical 
presentations of MD are extremely wide from 
total latency to severe complications as obstruc-
tion, bleeding, peritonitis, hernia, or tumor. The 
lifetime risk of complication is estimated around 
4–6 %, decreasing with age [ 3 ]. Of the patients 
developing complications, 60 % are less than 2 
years of age and over one third are less than 1 
year of age [ 4 ]. The preoperative diagnosis 
remains a challenge, whereas the treatment is 
nearly codifi ed.  

19.2     Embryology 

 As a result of cephalocaudal and lateral folding 
of the embryo from the 14th day, a portion of the 
endoderm-lined yolk-sac cavity is incorporated 
into the embryo to form the primitive gut 
(Fig.  19.1 ). Two other portions of the endoderm- 
lined cavity remain outside the embryo: yolk sac 
and allantois (Fig.  19.2 ).

    The middle part of the primitive gut, or mid-
gut, remains temporally connected to the yolk sac 
by the vitelline duct or yolk stalk (Fig.  19.3 ). 
Progressively, the vitelline duct regresses and 
disappears between fi fth and eighth weeks, but 
sometimes its total or partial persistence induces 
omphalomesenteric abnormalities: fi stula, band, 
cyst, sinus, and diverticulum. The diverticulum, 
corresponding to a failure of regression of the 
intestinal part of the duct, is named MD.

   Then the intraembryonic portion of the MD, 
future basis of the diverticulum, comes from the 
midgut, and the extraembryonic portion corre-
sponds to the tip of the diverticulum coming 
from the yolk-sac components. The yolk-sac 
cells are pluripotent and can produce a non-ileal 
mucosa or heterotopic tissue, as gastric, 
duodenal, or pancreatic mucosa, with a risk of 
complications, especially bleeding when gastric 
or pancreatic tissues are present [ 8 – 10 ]. This 
hypothesis can account for the reason that the 
distal part of MD is the most likely to contain 
ectopic mucosa. According to Mukai, when the 
MD is long, with a height-to-diameter (HD) ratio 
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upper than 1.6, the ectopic mucosa is only in the 
tip of MD, while short diverticula (less than 1.6 
HD ratio) have ectopic tissue in almost all 
areas [ 9 ,  10 ].  

19.3     Anatomy and Histology 

 MD is unique on the antimesenteric border and 
located at the end of superior mesenteric artery, 
when intestinal vascular arcades are replaced by 
straight arteries, and MD is usually supplied by 
the vitellointestinal artery originating from the 
ileal branches of superior mesenteric artery. MD 
is a true diverticulum localized to within 100 cm 
from ileocecal valve and composed of normal 
intestinal wall. Its form is usually vermicular, but 
sometimes its basis is spread out. Most of MD 
appear as a 3–5 cm fi ngerlike structure, but occa-
sionally present less than 2 cm long or as a larger 
saccular lesion with 5–10 cm diameter. The 
diverticulum can be laid on a side of the mesen-
tery, and during a bowel examination, it is man-
datory to explore the two sides of the mesentery 
to avoid a missed MD. Another type of MD is the 
“inverted diverticulum,” where the fi ngerlike 
structure is inside the bowel. MD is free in the 
peritoneal cavity in 73.8 % [ 11 ] or fi xed by a con-
genital band to the umbilicus or to the mesentery 
of terminal ileum; this can lead small bowel 
obstruction with or without volvulus. 

 MD has an ileal mucosa, but heterotopic 
mucosa can be found, and then 80–85 % of the 
ectopic tissue is gastric mucosa, sometimes asso-
ciated with pancreatic tissue. Isolated pancreatic 
tissue or duodenal mucosa can be present in 
MD. Heterotopic tissue is usually identifi ed in 
symptomatic diverticula, but it can be present in 
asymptomatic MD. From a series of 583 patients 
with symptomatic MD reported in 1978, 93 had 
heterotopic tissue within the diverticulum, espe-
cially gastric mucosa (65/93, 69.8 %) and pancre-
atic tissue (22/93, 23.5 %) [ 12 ]. Another series 
reported 71 heterotopic tissues from 180 symp-
tomatic MD in adult patients (39.4 %), with 59 
gastric mucosa (83.1 %) and 9 pancreatic tissues 
(12.6 %) [ 13 ]. Nevertheless, the histology from 
806 resected asymptomatic MD in adult was gas-
tric tissue in 67 (8.3 %), pancreatic tissue in 22 
(2.7 %), carcinoid tumor in 17 (2.1 %), diverticu-
litis in 26 (3.2 %), other pathology fi ndings in 16 
(2 %), and no abnormalities in 658 (81.6 %). 
Then, the presence of gastric and pancreatic tis-
sue in MD is predictive to complications, 

  Fig. 19.2    Embryo day 28       

  Fig. 19.3    Embryo day 35       

  Fig. 19.1    Embryo day 13       

 

 

 

F. Varlet et al.



271

especially bleeding [ 8 ,  9 ]. No relationship to 
 Helicobacter pylori  “gastritis” and bleeding was 
demonstrated [ 14 ].  

19.4     Epidemiology 

 MD is the most prevalent congenital anomaly of 
the alimentary tract. The rule of two traditionally 
describes its characteristics, such as a prevalence 
rate of 2 % in the general population, a male-to- 
female ratio of 2:1, an incidence rate of 2 % for 
symptomatic MD, the presence of symptoms 
before the age of 2 years, a location at a distance 
of 2 ft to the ileocecal valve, a diverticular 
length of 2 in., and two types of common ectopic 
tissues [ 15 ]. 

 From autopsy studies, a MD was found in 386 
autopsies of 31,499 performed, resulting in a 
prevalence of 1.23 %, and the current mortality 
from MD was 0.001 % [ 16 ]. From the Pediatric 
Hospital Information System (PHIS) database in 
the United States, there were 2389 children with 
a diagnosis code of MD over a 9-year period 
(2004–2012) from 4,338,396 children admitted 
during the study interval (1/1816). Among them, 
945 children had a symptomatic MD (1/4590 
hospital admissions) [ 17 ]. The incidence 
decreased with age: 56.4 % were under 6 years of 
age, 26.8 % between 6 and 12 years of age, and 
16.8 % were older than 12 years of age. In this 
study, 74 % were male with a male-to-female 

ratio of 3:1 [ 18 ]. This prevalence confi rms the 
male-to-female ratio for symptomatic MD in the 
pediatric population reported previously, between 
2 and 3:1 [ 12 ,  13 ,  18 ]. The ratio is similar for 
asymptomatic MD [ 13 ]. Caucasians are overrep-
resented (63.4 %), while African-Americans 
were disproportionately less often affected 
(16.4 %) in the study population [ 17 ]. 

 Male predisposition is observed in peptic 
ulcer disease which may share a similar patho-
genesis with bleeding MD. CDX2 is a homeobox 
transcription factor, and recent studies demon-
strated a close relationship between lack of 
CDX2 expression and differentiation of ectopic 
gastric tissues in MD. In addition, methylation of 
CDX2 with downregulation of gene expression is 
found to be increased in males. Then, sex and 
specifi c gene expression may be involved in 
embryonic gut differentiation into ectopic gastric 
mucosa and activity of gastric gland cells. More 
studies are required to confi rm this hypothesis, 
but it seems interesting in trying to explain the 
male prevalence [ 19 – 21 ].  

19.5     Clinical Manifestations 

 The risk of developing a complication from a MD 
should be about 4 % between 0 and 5 years of 
age. The most common presentations of symp-
tomatic MD are obstruction, intussusception, 
bleeding, and diverticulitis (Table  19.1 ).

   Table 19.1    Meckel’s diverticulum complications   

 Yamaguchi 
(1978) [ 12 ] 

 Grapin 
(1990) [ 5 ] 

 Kusumoto 
(1992) [ 18 ] 

 Park (2005) [ 13 ] 
<11 year > 11 
year  Total  % 

 Bleeding  71  599  215  18  69  972   29.8  
 Obstruction  219  275  146  11  37  766   23.5  
 Volvulus  19  42  8  9 
 Intussusception  82  201  98  4  10  395   12.1  
 Non-perforated 
diverticulitis 

 76  440  47  10  32  758   23.2  

 Perforated diverticulitis  44  84  7  18 
 Littré hernia  28  200  12  2  242   7.4  
 Umbilical pathology  10  57  67   2.1  
 Tumor  19  34  8  3  64   1.9  

 Total  568  1806  652  238  3264  100 
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   Intestinal obstruction is the most common 
complication and was found in 35.6 % of patients, 
children and adults, due to infl ammation, congeni-
tal band between the umbilicus and MD or meso-
diverticular band and MD (60.3 %), intussusception 
(28.3 %), or volvulus (11.4 %) (Table  19.2 ). They 
are found out during the operation, and in the case 
of late diagnosis, a small bowel ischemia can 
require resection concerning sometimes about 1 
meter long, with a risk of a postoperative malab-
sorption. Usually intussusception on MD leads to 
a severe obstruction and is diffi cult to reduce, even 
during surgical procedure.

   Rectal bleeding is the second most common 
symptom (29.8 %). Bleeding can present as 
hematochezia and melena or, rarely in child, with 
occult blood loss. Most often, hemorrhage can be 
brisk presenting with painless bright red blood in 
stools with or without hypovolemia. The rate of 
hemoglobin at admission is often lower than 
8 mg/dL and requires transfusion frequently [ 6 ]. 
Such cases are usually associated with a MD con-
taining ectopic gastric or pancreatic mucosa with 
peptic ulceration. Every hematochezia should 
call forth MD in children. 

 Peritoneal symptoms or peritonitis can dis-
close a MD (23.2 %) and the diagnosis of appen-
dicitis is often done. In case of normal appendix 
during sonography, CT scan, or surgical proce-
dure, the search of MD is mandatory. 

 In 7.4 % of cases, the child has an inguinal 
hernia (Littré hernia), and its painless and non- 
reducible characters have to catch the eye because 
adhesions between MD and processus vaginalis 
are frequent. But the diagnosis is most often done 
during an operation for hernia. 

 Umbilical fl ow may reveal a patent omphalo-
mesenteric duct (2.1 %), especially when a fail-
ure of cauterization occurs. Then a MD has to be 
looked for as when there is umbilical sinus or 
granuloma. 

 Uncommonly, presentations are enterolith or 
foreign body within MD [ 12 ,  22 ]. Tumors of MD 
are also rare in children as leiomyoma, desmo-
plastic tumor, or lymphoma [ 23 – 25 ].  

19.6     Imaging and Diagnosis 
of MD 

 The preoperative diagnosis of MD is uncom-
mon, and this is often an intraoperative discov-
ery during treatment of small bowel obstruction, 
intussusception, or peritonitis. Yamaguchi et al. 
reported that preoperative diagnosis was done in 
only 34 of 600 patients (5.6 %) in 1978 [ 12 ]. But 
now MD is more often evocated in the preoperative 
period with improvement of imaging [ 26 ,  27 ]. 

 Plain radiographs are not usually helpful in 
making the diagnosis of MD, and they are normal 
in the majority or show nonspecifi c signs such as 
small bowel obstruction or perforation. 
Uncommonly, enteroliths may be seen on plain 
fi lm, typically triangular and fl at, but they are not 
specifi c and can be identifi ed in other patholo-
gies: appendicitis, intestinal tubular duplication, 
urolithiasis or within ovarian dermoid cyst. 

 Ultrasound is not the most sensitive radiologic 
examination but can help when a Meckel’s diver-
ticulitis occurs. Nevertheless, in a series of ten 
patients with diverticulitis who underwent preop-
erative ultrasound, six were wrongly diagnosed 
with appendicitis [ 28 ]. 

 Contrast studies can detect a MD, and the 
classical appearance is a blind-ending tubular or 
saccular structure arising from the antimesenteric 
border of the distal ileum. The base of MD is 
spotted by a “mucosal triangular plateau” when 
the bowel is distended and by a triradiate fold 
pattern when the bowel is collapsed. Sometimes, 
mucosal irregularity may be noted, due to ectopic 
gastric mucosa or fi lling defects from clots in a 

   Table 19.2    Meckel’s diverticulum obstructions   

 Yamaguchi [ 12 ]  Kusumoto [ 18 ]  Park [ 13 ]  Total  % 

 Obstruction  219  146  48  413  60.3 
 Intussusception  82  98  14  194  28.3 
 Volvulus  19  42  17  78  11.4 
 Total  320  286  79  685  100 
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bleeding MD. This barium enema seems a less 
sensitive investigation than small bowel enema, 
or enteroclysis, for detection of MD, but needs to 
intubate the duodenum with discomfort and 
increases the radiation dose [ 26 ,  27 ]. A study 
reviewing 415 enteroclysis included 13 patients 
who had a confi rmed histological diagnosis of 
MD, and 11 were correctly identifi ed on entero-
clysis with only one false-positive result [ 29 ]. In 
a Japanese study, about 776 patients included 118 
barium enemas, 55 (47 %) had a correct diagnosis 
of MD, but they seem more useful in adult than in 
pediatric population [ 18 ]. 

 CT scan is very useful in diagnosing and 
assessing the MD complications, particularly for 
intra-abdominal abscess, obstruction, perfora-
tion, or tumor. From 40 patients with MD 
reported recently (8 children and 32 adults), 26 
were asymptomatic and 14 symptomatic. MD 
was detected on CT scan in 11 of 26 asymptom-
atic patients (42.3 %) and in 8 of 14 symptomatic 
patients (57.1 %) presenting small bowel obstruc-
tion, diverticulitis, hernia, or bleeding. The 
amount of peritoneal fl at at the level of MD was 
related to its detection [ 30 ]. CT scan is able to 
identify bleeding from a MD with active extrava-
sation of intravenously injected contrast medium 
[ 31 ]. Recent studies have suggested that CT scan 
enterography is a useful method for diagnosis of 
MD [ 32 ]. 

 Mesenteric angiography can be used to inves-
tigate gastrointestinal hemorrhage with a MD. In 
the absence of bleeding, a MD can be recognized 
by demonstrating a persistent vitellointestinal 
artery [ 26 ]. In a study of 16 patients with bleed-
ing, the feeding vitellointestinal artery was iden-
tifi ed in 11 of the patients [ 33 ]. Angiodysplasia 
associated with MD was reported, and this asso-
ciation is important to know because it may cause 
further gastrointestinal bleeding following MD 
resection [ 34 ]. 

 MRI is not yet used for diagnosis of MD and 
the experience with it remains limited. MR 
enteroclysis is an alternative to CT enteroclysis 
and has been used to successfully identify a MD 
[ 35 ]. The advantages are to reduce the dose of 
ionizing radiation and to evaluate small bowel 
function through MR fl uoroscopy [ 36 ]. 

 Technetium 99m pertechnetate scintigraphy is 
known to accumulate in the mucin-secreting cells 
in the gastric mucosa, and it is used to visualize 
symptomatic MD which often contains hetero-
topic gastric epithelium. The sensitivity of tech-
netium 99m pertechnetate scintigraphy is 85 % in 
children, decreasing to 54 % in adults [ 13 ,  37 ]. 
The sensitivity can be increased by administering 
pentagastrin, glucagon, or H2 antagonist or by 
imaging with single-photon emission computed 
tomography (SPECT) allowing a better localiza-
tion of MD. The reported incidence of ectopic 
mucosa in MD varies from 15 to 50 %, according 
to the number of non-symptomatic incidental 
cases included in each series. False-positive 
results are due to the presence of ectopic gastric 
mucosa elsewhere in the bowel, such as duodenal 
or jejunal duplication, intussusception, volvulus, 
infl ammatory bowel disease as ulcerative colitis, 
or Crohn’s disease, and in postoperative patients 
[ 38 ]. False-negative results are frequent due to 
the absence of ectopic gastric mucosa, but other 
causes have been identifi ed such as the presence 
of barium from previous radiological examina-
tion which can attenuate gamma radiation, and 
then scintigraphy should not be performed if 
there is residual contrast medium within the 
abdomen [ 39 ]. Sometimes, it is also possible to 
have abundant gastric mucosa in a MD with a 
negative scintigraphy because technetium 99m 
pertechnetate is taken up by specifi c cells within 
gastric mucosa, especially fundic mucosa, not 
always present when only antral mucosa is within 
the MD [ 40 ]. Then, repeat technetium 99m 
pertechnetate scintigraphy can improve the 
results with appropriate preparation [ 41 ]. Despite 
these results, technetium 99m pertechnetate scin-
tigraphy remains helpful in evaluating patients 
with a suspected MD, especially in children with 
evidence of gastrointestinal bleeding. Recently, 
the sensitivity and specifi city for ectopic gastric 
mucosa were reported as 94 and 97 %, respec-
tively [ 42 ]. Scintigraphy with tagged red blood 
cells to detect active hemorrhage may be also 
useful in detecting and localizing a bleeding MD, 
but it is not specifi c [ 26 ,  27 ]. 

 Capsule endoscopy is another alternative in 
the investigation of non-identifi ed intestinal 
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bleeding, but requires further experience because 
only a few isolated cases have been reported in 
this indication [ 43 ]. In adult series of 47 patients 
with obscure gastrointestinal bleeding, the cap-
sule endoscopy showed the source of bleeding in 
74.4 % of all patients, and only one had a MD 
[ 44 ]. A potential complication may be the reten-
tion of capsule within the MD or in their diges-
tive tract, but the risk is low, about 1 % [ 45 ]. 

 Double-balloon enteroscopy seems to get a 
good visualization of bleeding Meckel’s diver-
ticulum and can be associated with minimal inva-
sive surgery; 14 children were diagnosed and 
treated by such management with success [ 46 ]. 

 In summary, the widespread utilization of var-
ious imaging modalities has led to a worked 
improvement in preoperative diagnosis of 
MD. CT scan and technetium 99m pertechnetate 
scintigraphy remain the principal imaging means. 
CT or MR enterography and direct visualization 
by endoscopic techniques will be developed in 
the future.  

19.7     Treatment 

 The treatment of a symptomatic MD is resection. 
Conventional surgical management has been lap-
arotomy for diverticulectomy, wedge excision or 
segmental ileal resection, and anastomosis. 
During the past decades, there has been a tremen-
dous development of minimal invasive surgery in 
children, and the number of reports on laparos-
copy increased dramatically, demonstrating good 
effi ciency for diagnosis and treatment of MD, 
shorter hospitalization, less postoperative pain, 
and good cosmetic results [ 47 – 49 ]. 

 Concerning surgical procedure, the aim is to 
remove all the diverticulum with all the hetero-
topic gastric or pancreatic mucosa to avoid recur-
rence of bleeding particularly. Then the safer 
procedure is segmental ileal resection and anas-
tomosis. Wedge resection is less used because 
postoperative stenoses were described. But diver-
ticulectomy has also been shown to have lower 
morbidity than segmental resection [ 50 ]. The 
external appearance of MD can help to choose 
the surgical procedure according to the HD ratio. 

When the MD is long, with a HD ratio upper than 
1.6, heterotopic mucosa is not in the proximal 
part of the diverticulum, close to the ileum, and a 
diverticulectomy can be performed safely. When 
the MD is short with a risk of heterotopic mucosa 
close to the ileum or spreading within the ileum, 
ileal resection is required [ 9 ,  10 ]. These criteria 
seem to be convincing. Macroscopic thickening 
could indicate the presence of heterotopic 
mucosa, but Varcoe et al. demonstrated it has 
only 54 % chance of containing gastric or pancre-
atic tissues, making this an unacceptable method 
of detection [ 10 ]. 

 Laparoscopic approach is now well admitted 
and two laparoscopic procedures can be per-
formed. The fi rst one is the three-port procedure 
allowing a good exploration of small bowel, 
diagnosis, and treatment of MD inside the perito-
neal cavity or outside through the umbilicus. The 
second procedure is single-incision laparoscopic 
surgery (SILS), also called trans-umbilical 
laparoscopic- assisted approach, where a 10 mm 
lens with operative channel allows an overview 
of the peritoneal cavity. Sometimes the MD is 
identifi ed quickly and can be grasped and deliv-
ered through the umbilicus. When it is not possi-
ble, one or two other ports are required, in left 
and right iliac fossa. An important issue of this 
extracorporeal technique is the enlargement of 
the umbilical opening before MD delivery to 
allow easy exteriorization of the bowel and to 
facilitate the replacement of the bowel in the 
abdomen, because intestinal edema and conges-
tion frequently occur during time of the anasto-
mosis [ 49 ]. Sometimes, the laparoscopic 
approach cannot be performed and open surgery 
is required, especially when a small bowel 
obstruction leads an abdominal distension hin-
dering a good laparoscopic exploration. 

 Diverticulectomy can be performed extracor-
poreally or intracorporeally by inserting a linear 
stapling device along the antimesenteric border 
when the MD is long. Segmental ileal resection 
can be done laparoscopically but leads a longer 
operation, even when performed by skilled lapa-
roscopic surgeons. Finally, extracorporeal resec-
tion and anastomosis seem to be more simple and 
safe [ 49 ,  51 – 56 ]. The postoperative course is 
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usually uneventful, but complications may occur, 
especially small bowel obstruction requiring sur-
gery most often (Table  19.3 ).

   An unresolved question is the management of 
incidental MD. Although many authors classi-
cally proposed a resection of incidental MD to 
avoid future complications [ 56 – 58 ], Soltero et al. 
fi rst proposed to respect incidental MD, demon-
strating that there was only a small chance of an 
asymptomatic MD causing disease in later life 
[ 3 ]. A selective approach was also recommended 
for patients in whom the rate of complications is 
higher, patients younger than 50 years of age, 
male patients, MD length greater than 2 cm, and 
detection of an abnormal feature within the diver-
ticulum [ 13 ]. But Zani et al. demonstrated from a 
meta-analysis that 132 of 2975 patients had post-
operative complications after incidental MD 
resection (4.4 %), and they had a signifi cantly 
higher early complication rate than leaving in 
situ: 5.3 % of the resected compared with 1.3 % 
of the nonresected MD. These authors reviewed 
also four studies which reported long-term fol-
low- up of patients with incidentally detected MD 
left in situ, and no complications occurred from 

91 patients. Moreover, they demonstrated that 
758 resections of incidental MD are required to 
prevent one death. For them, leaving an inciden-
tal MD in situ reduces the risk of postoperative 
complications without increasing late complica-
tions, and there is no compelling evidence to sup-
port prophylactic resection of incidentally 
detected MD during surgery, even in young chil-
dren [ 16 ]. 

 When a life-threatening lower gastrointestinal 
bleeding occurs, emergency mesenteric angiog-
raphy and embolization of the bleeding point can 
be performed. This management is only the fi rst 
step of treatment because a few days after angi-
ography, the risk of bleeding recurrence or small 
bowel obstruction is high [ 59 ,  60 ]. MD resection 
remains mandatory in these cases. 

   Conclusions 

 MD is a common intestinal abnormality in gen-
eral population, but fi nally the risk of complica-
tion is low. It is more frequent in male patients. 
The diagnosis of MD must be called forth in a 
wide range of abdominal manifestations as 
pain, obstruction, rectal bleeding, or hernia. 

   Table 19.3    Postoperative complications   

 Author (cases) 
 Wound 
infection 

 Small bowel 
obstruction  Ileus  Fistula 

 Intra- 
abdominal 
abscess 

 Other 
infections  Eventration  Bleedi 

 St-Vil [ 6 ] 
(164) 

 1  7  0  1  0  1 septicemia  1  0 

 Bani-Hani [ 56 ] 
(68) 

 2  1  1  0  0  0  0  0 

 Shalaby [ 52 ] 
(33) 

 0  0  0  0  0  0  0  0 

 Park [ 13 ] 
(100) 

 3 a   7  0  0  1  0  1  1 coliti 

 Sai Prasad [ 53 ] 
(36) 

 0  3  0  0  0  0  0  0 

 Chan [ 51 ] (18)  1  0  0  0  0  0  0  0 
 Alemayehu 
[ 54 ] (14) 

 0  2  0  0  0  0  0  0 

 Paparella [ 49 ] 
(17) 

 0  0  0  0  0  1  0  0 

 Duan [ 55 ] (55)  0  0  0  0  0  0  0  1 b  
  Total  ( 505 )   7    20    1    1    1    2    2    2  
 %  1.38  3.96  0.19  0.19  0.19  0.39  0.39  0.39 

   a Three incidental Meckel’s diverticulum during treatment of prostatic or colonic cancer 
  b One bleeding after diverticulectomy  
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Technetium 99m pertechnetate scintigraphy 
and CT scan can detect the diverticulum, but 
there are false-positive and false-negative 
results. Still today, the surgical indication is 
often set without the diagnosis of MD, and it is 
identifi ed during the operation, especially when 
a small bowel obstruction occurs. Laparoscopic-
assisted diverticulectomy and segmental ileal 
resection are the main procedures to treat MD, 
but open surgery is sometimes mandatory. 
When incidental MD is identifi ed, no prophy-
lactic resection is recommended today.      
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      Acute Appendicitis                     

     Michela     Maffi       and     Mario     Lima    

20.1          Introduction 

 Acute appendicitis is the most common cause for 
emergency abdominal surgery in children. Early 
diagnosis and treatment are mandatory to avoid 
complications especially in younger children. 
Several factors infl uence clinical manifestation in 
pediatric population: symptoms can be aspecifi c, 
not well explained because of the age, or volun-
tarily increased or decreased because of fear. 
Familial background can also infl uence patient’s 
capability to demonstrate symptoms. For these 
reasons, diagnosis of acute appendicitis could be 
more challenging in children than in adults.  

20.2     Epidemiology 

 Acute appendicitis is the diagnosis of 1–8 % of 
children evaluated at the emergency department 
for abdominal pain [ 1 ,  2 ]. The estimated inci-
dence ranges from 1 to 6/10,000 between birth 
and 4 years of age and from 19 to 28/10,000 
between 5 and 14 years of age. Boys are more 
frequently affected than girls [ 3 – 5 ]. 

 Patients younger than 6 years of age most 
often present advanced disease (about 57 % of 

cases) [ 6 ]. This is probably due to the higher 
presence of nonspecifi c symptoms in these 
patients. 

 The fi nding of advanced disease up to perfora-
tion correlates both with duration of symptoms 
and age, being higher in small patients (neonates 
and children <5 years) [ 7 ].  

20.3     Anatomy 

 The appendix is a blind-end tubular structure 
raising from the cecum and located in the right 
iliac fossa in most of people. In patients affected 
by congenital anomalies of intestinal position 
such as omphalocele, gastroschisis, diaphrag-
matic hernia, malrotation, or situs inversus visce-
rum, the appendix could be found in upper 
abdominal quadrant or in the left iliac fossa [ 8 ]. 
In most of cases, these patients already under-
went complementary appendectomy during 
abdominal surgery. If not, anamnestic data could 
help diagnosis. 

 The base of appendix is invariably situated at 
the end of the free  taenia  of the cecum, while the 
tip position and artery origin could widely vary 
(Figs.  20.1  and  20.2 ).

    We cannot forget that a child is an evolving 
person. Some anatomic features of appendix can 
change during development and correlate with 
incidence and presentation of appendicitis. For 
example, the appendix is funnel shaped during 
the fi rst year of life making it diffi cult to be 
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obstructed. The omentum is underdeveloped in 
younger children making easier a rapid diffusion 
of intra-abdominal infections. This feature could 
explain the quick clinical evolution and worsen-
ing of acute appendicitis in younger patients. 

 Furthermore, the appendiceal epithelium con-
tains lymphoid follicle that may obstruct the 
lumen. These structures reach their maximal size 
during adolescence correlating with the peak 
incidence of acute appendicitis [ 9 ].  

20.4     Pathophysiology 

 Obstruction of the appendiceal lumen is the fi rst 
pathogenetic moment [ 9 ,  10 ]. Fecal material, for-
eign bodies, hypertrophic lymph node, bands, 
and torsion can be the causes. As a consequence 
the patient feels colic pain poorly localized in the 
periumbilical region. 

 The lack of physiologic washout of the lumen 
causes distension of the lumen, wall thickness, 
and bacterial overgrowth. Mucosal barrier is 
overwhelmed, leading to bacterial invasion of the 
wall, infl ammation, ischemia, gangrene, and 
eventually perforation [ 9 ,  10 ]. 

 Involved microorganisms belong to the nor-
mal bacterial fl ora, both aerobic and anaerobic: 
 E. coli ,  Peptostreptococcus  sp.,  Bacteroides 
Fragilis , and  Pseudomonas  sp. [ 11 ]. 

 Infl ammation of the wall fi nally involves 
appendiceal peritoneum leading to localized ten-
derness on abdominal evaluation. 

 Risk of perforation increases with time 
passed from the onset of symptoms, being rare 
during the fi rst 12 h and occurring more likely 
after 72 h. 

 Intra-abdominal dissemination of the infection 
is prevented by omentum and intestinal loops, 
which migrate in the involved site confi ning the 

a b c d e

  Fig. 20.1    Appendiceal tip position can widely vary. Here 
the most frequent positions in which it is possible to fi nd 
the appendix are illustrated. ( a ) Ascending into the retro-
cecal recess (65 %). ( b ) Descending into the iliac fossa 

(31 %). ( c ) Transverse retrocecal position (about 2.5 %). 
( d ) Ascending paracecal, preileal position (1 %). ( e ) 
Ascending paracecal, retroileal position (about 0.5 %)       

a b c

  Fig. 20.2    Variations of appendicular artery. ( a ) Origin of 
the appendicular artery from an “ileal branch” of ileocolic 
artery (35 %). ( b ) Origin of the appendicular artery from 

ileocolic artery immediately before it divides into its ter-
minal branches (28 %). ( c ) Origin of the appendicular 
artery from anterior cecal artery (20 %)       
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disease. If this barrier is insuffi cient, as it hap-
pens in small children, bacteria rapidly spread 
in the abdominal cavity leading to a diffuse 
peritonitis.  

20.5     Clinical Manifestation 

 The clinical presentation of acute appendicitis 
classically includes the following symptoms [ 9 ]:

•    Anorexia  
•   Periumbilical pain at the onset  
•   Migration of pain in the lower right quadrant 

(commonly in the fi rst 24 h)  
•   Vomiting (after the pain onset)  
•   Fever, commonly mild  
•   Right lower tenderness  
•   Signs of peritoneal irritation    

 This classical pattern is less common in pedi-
atric age: specifi c fi ndings could be diffi cult to 
elicit; typical symptoms are not always present 
and may vary with age. 

20.5.1     Newborns 

 Appendicitis in neonates is a rare condition, often 
correlated with quite high mortality (28 %), prin-
cipally due to challenging diagnosis [ 12 ,  13 ]. 
Symptoms orient toward abdominal disease but 
are often aspecifi c: abdominal distension and 
tenderness, decrease in feeding intake, vomit-
ing, lethargy or irritability, and temperature 
instability [ 12 ].  

20.5.2     Children Younger Than 5 Years 

 Appendicitis is uncommon in pre-scholar age. In 
the history, there are aspecifi c fi ndings such as 
fever, vomiting, diffuse abdominal pain with ten-
derness, and rebound. Diarrhea is quite common 
and makes diffi cult to differentiate appendicitis 
from gastroenteritis. Diffi culty with or refusal to 
ambulate may also be present and due to right hip 
pain [ 14 ].  

20.5.3     Children Between 6 and 12 
Years of Age 

 Appendicitis is common in this age. Clinical 
fi ndings belong to the typical ones: fever, early 
periumbilical pain and subsequent migration to 
the lower right quadrant with localized tender-
ness and rebound, anorexia, vomiting, pain with 
percussion, hopping, or coughing [ 15 ]. Diarrhea 
and dysuria may also be present and refl ect low 
peritoneum irritation.  

20.5.4     Adolescent 

 Clinical fi ndings are those of the adulthood. The 
onset of pain typically occurs before vomiting, being 
a sensitive indicator for acute appendicitis. In puber-
tal girls, attention must be paid to gynecologic con-
ditions that may have similar clinical presentation.   

20.6     Diagnosis 

 The diagnosis of appendicitis is made clinically and 
should be suspected in all children with abdominal 
pain and tenderness on physical examination. 

20.6.1     History 

 The history is characterized by the recent onset of 
pain, initially periumbilical or diffuse, which subse-
quently migrates into the right iliac fossa where it 
remains dull and constant or gets progressively 
worse. The child with acute appendicitis usually 
refuses food and complains nausea or has vomiting, 
also repeated. Patients usually prefer to lie still with 
one or both hips fl exed. Abdominal movements dur-
ing breath are reduced due to peritoneal irritation. 
Limp or diffi culty with ambulation may be present.  

20.6.2     Abdominal Evaluation 

 Local tenderness in the right lower quadrant and 
in particular in the McBurney’s point is the most 
reliable clinical sign of abdominal appendicitis 
and is called McBurney’s sign. 
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 Many are the historically described points 
where it’s possible to evoke pain and appreciate 
tenderness on palpation (Fig.  20.3 ).

   Peritoneal irritation makes it possible to elicit 
pain during particular maneuvers [ 9 ]:

•    Blumberg sign or rebound tenderness: 
increased pain with release of manual pres-
sure in the right iliac fossa  

•   Rovsing sign: pain in the right lower quadrant 
during palpation of the left side by cecal 
distension  

•   Obturator sign: pain on fl exion and internal rota-
tion of the right hip caused by a pelvic appendix 
which irritates the obturator internus muscle  

•   Iliopsoas sign: pain on extension of the right 
hip caused by a retrocecal appendicitis.  

•   Rotter sign: pain during rectal exploration 
caused by endopelvic appendicitis     

20.6.3     Laboratory Testing 

 The value of the laboratory tests is limited to 
detect a bacterial infection. The information 
received by them must necessarily be integrated 
with clinical data. 

 Classically, the following tests are the most 
useful:

•    White blood cell count (WBC)  
•   Absolute neutrophil count (ANC)  
•   C-reactive protein (CRP)    

 WBC and ANC are elevated in 96 % of patients 
with acute appendicitis, and WBC values <9000/ml 
are associated with acute appendicitis in less than 
10 % of patients with this suspected diagnosis [ 6 ,  16 ]. 

 Elevated CRP is less sensitive in the fi rst 24 h 
from the onset of symptoms, but is more sensitive 
than WBC in patients with symptoms for 24–48 
h [ 17 ]. 

 When WBC and CRP are elevated, specifi city 
for appendicitis reaches 90 %, but sensitivity 
remains low (40 %) [ 18 ]. 

 Further test may help the differential diagnosis:

•    Urinalysis: to exclude urinary tract infections  
•   Liver transaminases and bilirubin: to exclude 

cholestasis and cholecystitis  
•   Lipase and amylase: to exclude acute 

pancreatitis  
•   Electrolytes: to investigate and eventually cor-

rect imbalances     

20.6.4     Risk Estimation 

 History, physical examination, and laboratory 
results are used from several scores to estimate 
risk of appendicitis. Alvarado score is the most 
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  Fig. 20.3    ( a )  McBurney ’ s point : a point that lies one- 
third of distance laterally on a line drawn from the umbi-
licus to the right anterior superior iliac spine. ( b )  Morris ’ 
 point : a point an inch and a half from the umbilicus in a 
line drawn from the navel to the right anterior superior 
spine of the ilium. ( c )  Munro ’ s point : a point at the right 
edge of the rectus abdominis muscle, between the umbili-
cus and the anterior superior spine of the ilium. ( d )  Lanz 
point : it is situated on a line connecting the two anterior 
superior iliac spines one-third of the distance from the 
right spine. ( e )  Clado point : a point at the right edge of the 
rectus abdominis muscle on a line connecting the two 
anterior superior iliac spines. ( f )  Jalaguier point : it is 
located in the middle of the line connecting the right ante-
rior superior iliac spine and the pubic tubercle       
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known in adult patients but does not have ade-
quate accuracy in children. 

 Pediatric appendicitis score (PAS) (Table  20.1 ) 
[ 19 ] achieves acceptable diagnostic accuracy and 
may guide decision-making. PAS is a ten-item 
score that permits risk stratifi cation.

•     PAS ≤2 or 3 suggests a low risk for appendici-
tis (0–2 %) and suggests to discharge the 
patient as long as the caretakers (properly 
instructed regarding signs of appendicitis) 
note a persistent pain or onset of additional 
symptoms that require a further evaluation.  

•   PAS ≥7 or 8 indicates a high risk for appendi-
citis (78–96 %). In clinical practice, these 
patients undergo surgical consult and appen-
dectomy in most of the cases preceded or not 
by imaging evaluation.  

•   PAS of 3–6 or 7 indicates intermediate risk 
(8–48 %). These patients should undergo 
serial abdominal evaluation, diagnostic imag-
ing, and observation in the hospital [ 20 – 24 ].     

20.6.5     Imaging 

20.6.5.1     Ultrasonography (US) 
 US is the fi rst-line imaging tool in children with 
atypical or equivocal clinical fi ndings for appen-
dicitis. It is available in most of the centers and 
allows to investigate alternative diagnosis such as 
ovarian torsion or cyst, cholecystitis or choleli-
thiasis, urinary tract dilatations, and abdominal 
masses. In our practice, all girls with suspected 
diagnosis of appendicitis undergo US to exclude 
gynecologic anomalies. 

 Unfortunately, diagnostic accuracy depends 
upon experience and skills of the sonographer. 
Therefore, a negative US in the case of persistent 
symptoms is not suffi cient to exclude appendici-
tis, and the examination may be made diffi cult by 
pain and anxiety or in the case of overweight 
children. 

 Despite this, the following fi ndings may sup-
port the diagnosis of appendicitis:

•    Diameter >6 mm  
•   Wall thickness of the appendix >2 mm  
•   Noncompressible tubular structure in the right 

lower quadrant  
•   Intraluminal fecalith  
•   Thickening of the mesentery  
•   Localized tenderness with graded 

compression  
•   Free fl uid in the lower right quadrant  
•   Localized collection in the lower right quad-

rant (abscess)    

 In case of persistent symptoms and equivocal 
fi ndings on US, the patient should undergo serial 
evaluations (both clinical and instrumental), till 
the clinical features become clearer. In the case 
of progressive clinical worsening with no clear 
diagnosis, second-level imaging investigation 
can be done [ 25 ].  

20.6.5.2     Computed Tomography (CT) 
and Magnetic Resonance 
Imaging (MRI) 

 CT has high specifi city and sensitivity for the 
diagnosis of acute appendicitis (94–100 % and 
93–100 %, respectively) [ 26 ,  27 ]. 

 Despite this, CT does not appear to reduce the 
negative appendectomy rate (NAR). The only 
exception is in children younger than 5 years of 
age where CT signifi cantly reduces NAR [ 28 ]. If 
CT is performed, it should be a contrast-enhanced 
CT with intravenous contrast. 

 CT has the disadvantage of ionizing radiation 
exposure. In centers with adequate experience in 
interpreting MRI and rapid availability, it may be 
preferable to CT because of similar diagnostic 
accuracy without radiation exposure.  

   Table 20.1    Pediatric appendicitis score (PAS)   

 Items  Score 

 Anorexia  1 
 Nausea or vomiting  1 
 Migration of pain  1 
 Fever >38°  1 
 Pain with cough, percussion, or hopping  2 
 Right lower quadrant tenderness  2 
 WBC >di 10,000/ml  1 
 ANC >di 7500/ml  1 
  Total    10  
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20.6.5.3     Plain Abdominal 
Radiographs 

 Abdominal X-ray has a poor value in diagnosis 
of appendicitis. It may reveal a fecalith and signs 
of obstruction or perforation or may exclude 
alternative diagnosis such as a basilar 
pneumonia.   

20.6.6     Differential Diagnosis 

 Acute appendicitis in children often presents 
with atypical symptoms; moreover, many dis-
eases can mimic appendicitis. The principal dis-
eases involved in differential diagnosis are 
summarized in Table  20.2 .

20.7         Treatment 

 Appendectomy is the standard treatment in the 
case of acute appendicitis and may prevent pro-
gression to sepsis and septic shock. 

 Laparoscopic approach, when well-trained 
surgeons are available, should be attempted. 
According to the literature, mini-invasive treat-
ment signifi cantly reduces hospital length stay, 
risk of wound infections, and late bowel obstruc-
tion [ 29 ,  30 ]. 

 Mini-invasive appendectomy can be per-
formed using a three-port or a single-incision 
technique [ 31 ]. 

20.7.1     Timing 

 Children with estimated early appendicitis could 
receive antibiotics and undergo appendectomy 
during the next 24 h according to the operative 
and professional resources. According to the lit-
erature, there is no increase in the frequency of 
complex appendicitis in patients who had a delay 
of 12–24 h after admission [ 32 ]. 

 In the case of advanced appendicitis, i.e., 
when a gangrene or perforation is suspected, the 
patient should undergo urgent appendectomy 
rather than a delayed appendectomy. 

   Table 20.2    Differential diagnosis   

 Disease  Clinical and instrumental fi ndings 

  Emergent surgical diagnoses  
 Bowel 
obstruction 

 Previous surgery 
 Bilious vomiting 
 Abdominal X-ray: distended 
loops, air-fl uid levels, 
pneumoperitoneum 

 Intestinal 
malrotation 

 Signs of bowel obstruction (see 
above) 
 Upper digestive tract X-ray: 
duodenal compression 
 US: abnormal position of major 
intestinal vessels 

 Intussusception  Intermittent episodic abdominal pain 
with vomiting 
 Blood in the stool 
 Palpable sausage-shaped mass in 
right quadrants 
 US: target image 
 Contrast enema: stop of contrast 
progression 

 Meckel’s 
diverticulitis 

 Clinically indistinguishable 
 Intraoperative diagnosis in most of 
the cases 

 Ovarian torsion  Localized pain 
 Vomiting 
 US: absence of blood fl ow with 
Doppler ultrasounds, enlarged 
ovary 

 Ectopic 
pregnancy 

 Amenorrhea 
 Vaginal bleeding 
 US: ectopic pregnancy 

 Testicular 
torsion 

 Scrotal pain that may radiate to the 
fl ank 
 US: absence of blood fl ow with 
Doppler ultrasounds 

 Omental torsion  Localized pain 
 Obese patient 
 Fever or vomiting less prominent 

  Emergent nonsurgical diagnoses  
 Hemolytic 
uremic 
syndrome 

 Vomiting 
 Abdominal pain 
 Diarrhea 
 Acute renal failure 
 Microangiopathic hemolytic anemia, 
thrombocytopenia 

 Diabetic 
ketoacidosis 

 Polyphagia, polydipsia, polyuria 
 Anorexia, vomiting, abdominal 
pain 
 Hyperglycemia, metabolic acidosis, 
glycosuria, ketonuria 
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 Some authors propose interval appendec-
tomy in the case of well-appearing patients with 
appendiceal mass or abscess. These patients are 
initially managed nonoperatively with intrave-
nous antibiotics, pain management, and even-
tual CT-guided drainage of the abscess followed 
by interval appendectomy after 10–12 weeks 

later [ 33 ]. The aim of this delay is to avoid the 
morbidity of immediate appendectomy while 
treating the underlying appendicitis. Indication 
for intervention includes lack of clinical 
improvement after 24–48 h, continued fever, 
worsening of tenderness, and increased mass 
dimension.  

20.7.2     Preoperative Care 

 Children with acute appendicitis need fl uid ther-
apy, antibiotic, and pain control. 

 Fever, vomiting, and infl ammation lead to 
fl uid and electrolyte loss, so rehydration with iso-
tonic crystalloid is mandatory to establish and 
maintain euvolemia. 

 A prophylactic dose of a broad-spectrum anti-
biotic focused on intestinal fl ora should be 
administered 30–60 min before the incision is 
made. 

 Acceptable antibiotics include ceftriaxone and 
metronidazole, piperacillin and tazobactam, 
cefoxitin, cefotetan, gentamicin, and either 
clindamycin or metronidazole in patients with 
allergy to penicillins and cephalosporins. 

 Pain control should be assessed on pain sever-
ity and in pediatric age can be achieved with 
intravenous paracetamol 15 mg/kg/dose.  

20.7.3     Technical Details 

20.7.3.1     Transumbilical Laparo- 
assisted Appendectomy 
(TULAA) 

 The patient lies in supine position. A single sub-
umbilical or transumbilical incision is performed 
for a 12 mm Hasson trocar. A 10 mm telescope 
with inbuilt working channel is inserted to 
explore abdominal cavity. Atraumatic grasper is 
used to move bowel loops and fi nd the appendix. 
Adhesions can be removed with a laparoscopic 
swab and eventual free collections are aspirated. 
The appendix is exteriorized through the umbili-
cal incision and removed as in the standard open 
technique (Fig.  20.4 ).

Table 20.2 (continued)

 Disease  Clinical and instrumental fi ndings 

 Primary 
peritonitis 

 Underlying chronic condition 
 Ascites 

  Other nonsurgical diagnoses  
 Sickle cell 
disease 

 Anemia 
 History 

 Henoch-
Schönlein 
purpura 

 Colicky pain 
 Purpuric rush over legs and buttocks 

 Nephrolithiasis  Colicky fl ank pain 
 Hematuria 
 US: echogenic foci with acoustic 
shadowing 

 Urinary tract 
infection 

 Dysuria 
 Nitrites 
 Bacteria and WBC in urinalysis 

 Pelvic 
infl ammatory 
disease 

 Diffuse lower abdominal pain 
 Fever 
 Purulent endocervical discharge 

 Ovarian cyst  Localized pain 
 Anorexia and vomiting less common 
 US: ovarian cyst 

 Mittelschmerz  Recurrent midcycle pain 
 Typically mild and unilateral 

 Streptococcal 
pharyngitis 

 Sore throat 
 Abdominal pain 
 Vomiting 
 Cervical nodes 
 Exudative pharyngitis 

 Pneumonia  Cough, fever, tachypnea 
 Rales on auscultation 
 Chest X-ray: presence of infi ltrates 

 Gastroenteritis  Diffuse abdominal pain 
 Diarrhea 
 Vomiting 

 Mesenteric 
lymphadenitis 

 US fi nding: nonspecifi c indicator of 
infection, infl ammation 
 Etiology: bacterial gastroenteritis, 
infl ammatory bowel disease, 
lymphoma 
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  Fig. 20.4    Transumbilical laparo-assisted appendectomy. 
A 10 mm telescope with inbuilt operative channel is 
inserted in the umbilical trocar ( a ). The appendix is iso-
lated from eventual adhesion ( b ), handled with an 

atraumatic grasper ( c ), and exteriorized through the 
umbilical incision where it can be skeletonized ( d ). At the 
end of the procedure, the right iliac fossa and the stump 
are checked ( e )       
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20.7.3.2        Totally Laparoscopic 
Appendectomy 

 The patient lies in supine position. A single sub-
umbilical or transumbilical incision is per-
formed for a 12 mm Hasson trocar. A 10 mm 
telescope is inserted to explore abdominal cav-
ity. Two further 5 mm trocars are positioned 
according to the suspected position of the 
appendix (Fig.  20.5 ). The appendix can be iso-
lated by coagulation of the blood supply and 
removed after tying the base with one or two 
endoloops according to the surgeon’s habits. In 
any case, the stump must be as short as possible 
to avoid recurrences. The closure of feeding 
vessels can be performed with different instru-
ments: monopolar hook, bipolar coagulator, 
LigaSure ® , etc. Once cut, the appendix is 
removed through the umbilical incision. If puru-
lent collections are present, abdominal cavity 
should be irrigated with saline until the return 
fl uid becomes clear (Fig.  20.6 ).

20.7.3.3         Open Appendectomy 
 The patient lies in supine position. Several inci-
sions have been described to be suitable for 
appendectomy, but McBurney incision is still the 
most used. Muscles are split in the direction of 
their fi bers and the peritoneum is opened. Once 
the appendix is found, its mesentery is divided 
and the appendiceal base is clamped and ligated. 
Stump inversion is usually performed but it does 
not seem to be necessary according to the litera-
ture. If purulent collection is present, it must be 
aspirated and the cavity should be irrigated. 
Abdominal wall is close in layers.   

20.7.4     Intraoperative Considerations 

 In the case of normal appendix, attention must be 
paid to exclude other surgical causes of abdomi-
nal pain such as Meckel’s diverticulitis or gyne-
cologic anomalies (cysts, appendages) and 

a b

  Fig. 20.5    Operative trocars can be positioned according 
to the suspected position of the appendix and to the most 
suitable position for the surgeon. ( a ) Operative trocars are 
placed in the left iliac fossa and in the epigastrium, respec-

tively; ( b ) operative trocars are placed in the left iliac 
fossa and in suprapubic position (useful if appendiceal tip 
is in the right fl ank or subhepatic)       
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  Fig. 20.6    Laparoscopic appendectomy. In our clinical 
practice, we always start with a single-incision technique. 
In the case of tight adhesions, two 5 mm operative trocars 
are placed in the left iliac fossa and in suprapubic position 
( a ) to easily handle the appendix ( b ). Omental adhesions 

may be present and can be removed with the use of the 
monopolar hook ( c ) that is also useful to divide the mes-
entery ( d ). The appendiceal base is tied with an endoloop 
and exteriorized ( e ). At the end of the procedures, the 
residual stump is checked ( f )       
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omental torsion. In our practice, an apparently 
normal appendix is removed because histology 
could reveal microscopic infl ammation or intra-
luminal diseases. 

 If a carcinoid tumor is noted, simple appen-
dectomy is suffi cient in most of the cases. Right 
hemicolectomy is indicated if the tumor is greater 
than 2 cm in diameter, if it invades through the 
appendiceal wall, and if lymph nodes are 
involved. 

 In the case of grossly perforated appendix, 
eventual fecalith should be searched in the pelvis 
especially if described on preoperative imaging. 

 Abdominal drain is not recommended in early 
and uncomplicated appendix. Some authors 
reported no benefi t for prophylactic drainage also 
in the case of complicated appendicitis (local 
peritonitis without perforation, with perforation, 
or with periappendicular abscess) [ 34 ]. 
Abdominal drain maintains a role in the case of 
tenuous closure of the appendiceal base and of 
risk for bleeding.  

20.7.5     Postoperative Care 

 Intravenous antibiotics should be administered 
until the absence of fever, return of bowel func-
tion, resolution of pain, and normalization of 
WBC according to the American Pediatric 
Surgical Association [ 35 ]. 

 Oral intake can be started as the patient appre-
ciates bowel movements. Patients with compli-
cated appendicitis often have a paralytic ileus, 
and placement of a nasogastric tube can be neces-
sary. In these cases, oral fl uids can be reintro-
duced once intraperitoneal infl ammation and 
infection have improved and the ileus has 
resolved and can be slowly followed by solid 
foods as tolerated. 

 Pain control should be assessed on the patient 
and can be usually achieved with paracetamol 
15 mg/kg/dose every 6 h and NSAID for the fi rst 
24 h and opiates as needed. According to a recent 
report [ 36 ], intraoperative rectus sheath block 
(eventually added to port site infi ltration) signifi -
cantly reduces postoperative pain in the case of 
laparoscopic approach.  

20.7.6     Complications 

•     Wound infection is the most common early 
complication. With adequate technique, dis-
infection, and antibiotic therapy, the current 
rate of wound abscess ranges between 2 and 
9 % of cases with gangrenous or perforated 
appendix [ 37 ,  38 ]. The treatment consists of 
wound opening and repeated irrigations and 
disinfections.  

•   Intra-abdominal abscess should be suspected in 
patients who remain febrile, complain abdomi-
nal pain, and are unable to tolerate regular diet 
after 5 or 7 days from surgery. Initial treatment 
consists of broad-spectrum antibiotics fol-
lowed by drainage in the case of no response.  

•   Postoperative adhesions may cause mechani-
cal bowel obstruction with an estimated inci-
dence of less than 1 % of children [ 39 ]. 
Treatment requires surgical adhesiolysis.  

•   Stump appendicitis refers to infl ammation of 
residual appendiceal tissue [ 40 ,  41 ]. It may 
occur if a too long stump is left or if the appen-
diceal base is tied with two ligatures too far 
apart during appendectomy.         
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      Intussusception                     

     Francesca     Destro     ,     Michela     Maffi      , and     Mario     Lima    

21.1          Defi nition 

 The term intussusception derives from the Latin 
words  intus  (within) and  suscipere  (to receive), 
and it refers to the invagination of the part of the 
intestine into the adjacent segment [ 1 ]. It is one 
of the most common causes of acute abdomen in 
children [ 2 ]. It can involve any tract of the mes-
enteric intestine.  

21.2     Classifi cation 

 We can recognize different types of intussuscep-
tion based on the following aspects:

•    General = permanent (fi xed, 80 % of cases) 
and transient (reduced spontaneously that 
happens in 20 % of cases; this form is fre-
quently underestimated because the clinical 
symptoms develop during gastroenteritis)  

•   Specifi c = idiopathic (without a pathologic 
lead point – PLP, 95 %), with PLP (Meckel’s 
diverticulum, appendix, polyps, carcinoid 
tumor, Schonlein-Henoch purpura, foreign 

body, duplication of the bowel, cystic fi brosis, 
etc.) and postoperative intussusception  

•   Anatomic = ileocolic (85 %), ileoileocolic 
(10 %), appendicocolic, cecocolic or colocolic 
(2.5 %), jejunojejunal, ileoileal (2.5 %)  

•   Other types = recurrent forms     

21.3     Incidence, Age, and Sex 

 The incidence is 2–4 cases/1000 live births. 
There is a seasonal variation with peaks during 
spring and in the middle of winter when gastro-
enteritis and respiratory infections that lead to 
lymphatic hypertrophy are more common. 

 Idiopathic intussusception is more frequent 
within the fi rst 2 years of age (also in premature 
babies) with most cases presenting at around 6 
months of age. Males are affected more than 
females (M:F = 2:1). 

 Symptomatic intussusception with a PLP can 
occur at any age, especially in older patient (also 
in adults).  

21.4     Etiopathogenesis 

 The affection has not usually a cause (“idiopathic 
intussusception”), and it is rarely related to a PLP 
(“symptomatic intussusception”) [ 3 ]. 

 Idiopathic intussusception seems to be related 
to an intestinal dysmotility after weaned or 
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 gastrointestinal/respiratory infections. The lead 
point could be a thickened lymphoid tissue of the 
bowel wall (Peyer’s patches). In fact the lym-
phoid tissue, which is more represented in babies 
and children than in adults (adenoids, tonsils, and 
lymph nodes), increases during infection pro-
cesses.  Adenovirus  and  Rotavirus  have been 
identifi ed in 50 % of children with gastroenteritis 
who develop intussusceptions. Sometimes the 
intussusception sets up shortly after abdominal 
surgery when peristalsis is still uncoordinated 
(1 % of cases). In utero intussusception has been 
associated to the development of intestinal 
atresia. 

 Involved intestinal segments are the terminal 
ileum and cecum that enter in the ascending 
colon (ascending intussusception) or the termi-
nal ileum that enters the ascending colon with-
out the cecum that remains fi xed (ileocolic 
intussusception). Mixed forms (ileocecocolic) 
are common. 

 PLP intussusception (5–10 % of cases) hap-
pens not only in babies, and it is typical of chil-
dren in scholar age. It has not a typical intestinal 
site (it may be jejunojejunal, ileoileal, ileocecal, 
ileocolic, colocolic). It is caused by the pres-
ence of an intestinal structure into the lumen 
(focal or diffuse lesions, such as intussuscepted 
Meckel’s diverticulum or appendix, polyp – 
especially in case of Peutz-Jeghers polyposis, 
duplication cyst, Schonlein-Henoch purpura, 
ectopic pancreatic node, lymphoma, and other 
neoplasias) that acts as foreign body stimulating 
peristalsis and pushed forward together with the 
intestinal wall. 

 The caudal portion of the intussuscepted seg-
ment is the “head of the intussusception.” The 
invaginated bowel is called intussusceptum, and 
the recipient bowel is the intussuscipiens. The 
prograde bowel peristalsis leads to the angulation 
and compression of the mesenteric vessels that 
are carried into the recipient bowel together with 
the intussusceptum. The effects are a local edema, 
venous compression, stasis, and congestion. 
When the arterial supply is compromised, there is 
local ischemia and bowel necrosis with risk of 
perforation.  

21.5     Clinic 

 Idiopathic intussusception occurs in well-fed 
babies who have always been well. The baby is 
suddenly in pain and starts crying with painful 
face, legs abducted on the abdomen. The clinical 
picture improves after a few minutes, the baby 
falls asleep or starts playing again, and every-
thing returns normal. Symptoms represent soon 
after (15–30 min intervals) abdominal pain, 
vomit (alimentary and biliary), and rectal bleed-
ing. The presence of mucus-hematic feces (“red 
currant jelly stool”) alarms parents who take the 
baby to the emergency room. 

 General physical conditions deteriorate if 
there is not a prompt diagnosis (dehydration, 
hypothermia, shock). 

 The abdomen is normal between the attacks of 
pain. Sometimes it is possible to appreciate an 
abdominal mass (sausage-like) whose location 
varies depending on the level reached by the 
intussusception (spiral pathway around the 
belly): right iliac fossa, hepatic fl exure, above, at 
the left, and below the umbilicus. Sometimes the 
intussuscepted segment passes distally, and it is 
palpated on rectal examination. This situation 
should be distinguished from the rectal prolapse. 
The presence of diarrhea does not exclude intus-
susception. On examination the baby may be 
febrile and dehydrated. The classic triad of symp-
toms (incessant cry related to abdominal pain, 
red currant jelly stool, and palpable mass) is not 
always present in children >2 years of age who 
often present with symptoms of the underlying 
disease (PLP).  

21.6     Diagnosis 

 The clinical history and the examination suggest 
the diagnosis. 

 The abdominal x-ray shows an abnormal gas 
distribution throughout the small intestine with 
an absence of cecal gas (ileocecal forms) and ele-
ments suggestive of a right-sided soft tissue mass. 
Air fl uid levels and dilated bowels are present in 
case of intestinal obstruction. However 
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 intussusception signs are nonspecifi c, and the 
role of x-rays remains controversial. 

 Ultrasounds (US) are the fi rst-level investiga-
tion for the diagnosis [ 3 ] with a reported accu-
racy of 100 %: there are pathognomonic features 
such as 3–5 cm (diameter) mass with the resem-
blance of a donut or target sign (two rings of low 
echogenicity with an intervening hyperechoic 
ring similar to a donut) (Fig.  21.1 ). Contrast 
enema is the gold standard for the diagnosis and 
can be therapeutic. The mean of contrast stops 
when it meets the intussusception, and the 
rounded barium column becomes concave form-
ing a meniscus that fl attens out when the intus-
susception is displaced (Fig.  21.2 ). The 
disadvantage is related to the fact that it is an 
invasive procedure.

21.7         Treatment 

 The fi rst therapeutic measure is the fl uid resusci-
tation of the baby together with nasogastric tube 
placement if there is vomit. The intussusception 
can be reduced by radiologic contrast enema or 
by intervention. The removal of the PLP is 
required in case of “secondary forms.” Medical 
treatment can be used before, along with, and 

after radiologic reduction, and it consists of ste-
roid administration in case of lymphoid hyper-
plasia and Schonlein-Henoch purpura. Steroids 
seem to modulate intestinal immunological activ-
ity and reduce the bowel edema in acute forms. 

 Patients who do not need immediate surgery 
(signs of intestinal perforation, peritonitis, or free 
intra-abdominal air) are eligible for enema reduc-
tion (hydrostatic or pneumatic). Radiologic 
reduction is effective in 90 % of cases [ 4 ,  5 ]. 
Pneumoenema is safe, quick, and easy to perform 
and should be attempted in all children with 
intussusception. It is performed with a Foley 
catheter inserted into the rectum with the balloon 
infl ated. The buttocks are taped, and air is used to 
create a pressure of 120 mmHg for 5 min. The 
procedure has been effective where the air fi lls 
into the terminal ileum even if sometimes the 
passage of air is not associated with complete 
reduction. Hydrostatic barium enema reduction 
under fl uoroscopic guidance is the preferred 
option in many centers. Barium enema shows the 

  Fig. 21.1    US showing a target sign: two rings of low 
echogenicity with an intervening hyperechoic ring       

  Fig. 21.2    Contrast enema. The column of contrast stops 
at the head of the intussusception       
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“crab’s claw sign” related to the passage of con-
trast between the layers of the intussusception. 
Once again, the column of barium exerts a pres-
sure of 120 mmHg that is held for 3–5 min. The 
passage of barium in the terminal ileum indi-
cates successful reduction. The risk of intestinal 
perforation exists for both the procedures (<1 %) 
with the difference that barium in the peritoneal 
cavity leads to intense infl ammatory response. 

After the reduction, the baby should be kept for 
observation in hospital for some time with intra-
venous fl uids. Antibiotics should be continued 
in case of diffi cult reduction or fever. When 
there is intestinal obstruction, the nasogastric 
tube is kept until gas passes freely through the 
intestine. 

 Recurrent intussusception is described in 
5–10 % of cases after enema reduction, mostly 

a b

c

d

  Fig. 21.3    Laparotomic reduction of the invagination. The 
invaginated tract is exteriorized ( a ) and progressively 
squeezed ( b ) until complete resolution of the invagination 

( c ). In this case the intussusception was due to the pres-
ence of Meckel’s diverticulum ( d )       
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within 72 h [ 4 ]. Some authors suggest perform-
ing maneuvers to improve radiologic reduction 
rates: steroid administration, smooth muscle 
relaxants and sedation, transabdominal manipu-
lation, and delayed repeat enema. The rationale 
for repeat enema lies in the evidence that 10 % 
have already been reduced at surgery and 40 % 
are easily reduced. Criteria for delayed enema 
(after 2–4 h) are onset of symptoms <36 h, tem-
perature <38°C, pulse rate <150/min, the 
 movement of the intussusception, and asymp-
tomatic patients. 

 Surgery is required when enema reduction 
fails. Classical operation is performed by lapa-
rotomy (small right-sided transverse incision). 
The intussusception mass is palpated and is 
brought outside the wound, and the reduction is 
attempted by exerting gentle and persistent pres-
sure at its distal end (constant pinching, squeez-
ing like a tube of toothpaste, or milking backward 
in retrograde fashion through the wall of the 
intussuscipiens) (Fig.  21.3 ). The index fi nger 
can be inserted into the intussusception to 
enlarge the space between the intussuscipiens 
and intussusceptum. The intestine appears 
edematous, but its aspect improves with irriga-
tion with warm saline solution. Ischemic seg-
ments should be removed avoiding long 
resections (reduction should be always attempted 
as much as possible). Some colleagues at the end 
of the manual reduction perform appendectomy. 

Laparoscopic reduction has been described as an 
effective alternative with reduced scarring, adhe-
sions, pain, and hospitalization length although 
its role is still questioned (Fig.  21.4 ) [ 6 ,  7 ]. 
Feeding is resumed shortly after surgery in cases 
without resections. Antibiotic prophylaxis is rec-
ommended. Surgical complications are described 
in 14 % of cases: wound infection and dehis-
cence, intestinal obstruction for adhesions, and 
perforation. Delay in diagnosis is the main factor 
related to morbidity and mortality. The latter has 
rapidly declined to less than 1 % in developed 
countries.
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      Hirschsprung’s Disease                     
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    Daniel     H.     Teitelbaum    ,     Francesca     Destro    , 
and     Mario     Lima    

22.1          Defi nition 

 Hirschsprung’s disease (HD) or “congenital 
megacolon” is a congenital developmental disor-
der characterized by the absence of ganglion cells 
in the distal intestine with variable proximal 
extension.  

22.2     Classifi cation 

 The proximal extension of the aganglionic tract 
starting from the internal anal sphincter is useful 
to classify the different forms of HD. 

 The most common form is the rectosigmoid, 
“short segment” or classical form (74–80 % of 
cases), which involves the rectum or rectosig-
moid tract. The second most common form is the 
“long segment” (12–22 % of cases) that extends 
up to the splenic fl exure or up to the transverse 
colon. In 4–13 % of cases, there is a total colonic 
aganglia in which the aganglia extends to the 
entire colon and usually reaches the terminal 
ileum. 

 The exact incidence of the “ultrashort” form is 
unknown: according to several authors, it repre-
sents 9–25 % of the cases [ 1 ].  

22.3     Embryogenesis 

 Ganglion cells of the alimentary canal are derived 
from the neural crest, and they migrate through the 
caudal fi bers of the vagus nerve. The process of 
migration follows a proximal to distal direction 
through the gastrointestinal tract. The fi rst neuro-
blasts are found in the esophagus from the fi fth 
week of gestation. The migration is completed by 
13 weeks postconception. The mature nerve 
plexus (“myenteric”) includes the submucosal 
plexus that is divided into superfi cial (Meissner) 
and deep (Henle) and the intramuscular plexus of 
Auerbach. The three plexuses form the “enteric 
nervous system.” The ganglion cells are absent in 
all three plexuses in HD patients. The lack of such 
cells is attributed to an arrest in the neuroblast 
migration process along the alimentary canal.  

22.4     Etiology 

 In infants with HD, the ganglion cell migration 
process is disturbed. The theory of the arrest of 
the neuroblast migration justifi es the presence of a 
distal pathologic tract with variable proximal 
extension (the earlier the arrest, the greater the 
extent of the aganglionic tract). The primary cause 
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of HD is related to cellular and molecular anoma-
lies in the nervous system development and neural 
crest migration along the alimentary canal. 

 The increased risk of HD in siblings of 
affected individuals, compared to the remaining 
population, and the different incidence in males 
and females, the association of HD with other 
syndromes/chromosomal abnormalities, and the 
existence of animal models with Mendelian 
inherited colonic aganglionosis suggest the pres-
ence of genetic factors. Moreover, mutations in 
the receptor tyrosine kinase (RET) proto- 
oncogene have been convincingly demonstrated. 

 HD is a classic example of a complex genetic 
disease with multifactorial etiology. In fact, the high 
incidence of sporadic cases (80–90 %), the variable 
expressivity (variable extension of the aganglionic 
tract), and the incomplete penetrance suggest a 
complex pattern of inheritance (multifactorial dis-
ease) and the involvement of multiple genes.  

22.5     Physiopathology 

 The HD is characterized by a state of functional 
intestinal obstruction followed by the dilation of 
the normal innervated upper intestine, from 
which derives the term “megacolon.” 

 Between the pathological aganglionic segment 
that is classically narrow and the healthy normal 
intestine, typically dilated, there is an area where 
the ganglionic nerves are present but to a lesser 
degree than normal: this area is known as “transi-
tion area” and it has a characteristic “funnel” shape. 

 The innervation of the alimentary canal has an 
intrinsic component, the enteric nervous system 
(submucosal and intramuscular plexuses), and an 
extrinsic component composed by the parasym-
pathetic and orthosympathetic fi bers that connect 
to the central nervous system. The parasympa-
thetic system is excitant, while the sympathetic 
one is inhibitory, although there are numerous 
exceptions to this rule. 

 The intestinal peristaltic activity depends on the 
enteric nervous system. In fact, the intestinal peri-
stalsis is not abolished by the section of the nerves 
distributed to the bowel wall but disappears when 
the bowel wall is covered with local anesthetic. 

 The peristaltic refl exes and muscle relaxation 
are expected to be abolished in case of HD as the 
ganglia of the enteric nervous system are absent. 
However, the aganglionic segment is character-
ized by a state of tonic contraction of unknown 
origin. 

 It is important to enlighten the difference 
between aganglia and denervation. The HD is 
characterized by aganglia and not denervation. In 
fact, numerous studies have shown that the intes-
tinal aganglionic segment has an increased num-
ber of adrenergic and cholinergic fi bers. 

 The concentration of acetylcholine, compared 
to normal, is two to nine times higher, and the 
concentration of catecholamine is at least three 
times higher. The absence of gangliar cells could 
prevent the physiological peristalsis, allowing the 
parasympathetic fi bers to form the sacral plexus, 
to directly stimulate the smooth muscle cells, 
causing an uncontrolled contraction. 

 Actually the cause of the tonic contraction of 
the aganglionic segment remains unknown, but it 
is responsible for the state of functional occlu-
sion and subsequent dilatation of the upper nor-
moganglionic intestine normogangliare.  

22.6     Incidence 

 The HD affects approximately 1/5000 live births 
and is more common in males (M:F = 4:1).  

22.7     Associated Anomalies 

 The incidence of associated abnormalities in 
patients with HD varies according to different 
case studies, from 11 to 30 %:

•    Trisomy 21 (7 %)  
•   Neurocristopathies and eye abnormalities 

(12 %), explained by the common embryolog-
ical origin  

•   Congenital heart disease (2–8 %) or septal 
defects and patent ductus arteriosus  

•   Gastrointestinal abnormalities, anorectal mal-
formations (2.5 %), and intestinal atresia 
(exceptional)  
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•   Disganglionosis, with variable incidence 
depending on the series (0.3–62 %)     

22.8     Clinical Presentation 

 Most children with HD (50–90 %) are diagnosed 
in the neonatal period. Typically, the infant with 
HD is born at term and present with failure to 
pass meconium. 

 The meconium passage in term infants usually 
occurs within 24–48 h after birth. In 60–90 % of 
patients with HD, the meconium passage is 
delayed beyond 24 h. 

 The clinical picture of HD is also character-
ized by abdominal distension, bilious vomiting 
(less frequent), and feeding intolerance that sug-
gest a distal intestinal obstruction. When the dis-
ease is not suspected, rectal signs may solve 
spontaneously or with rectal stimulations with 
subsequent onset of chronic constipation. 

 Dietary changes and the use of laxatives and 
enemas may lead to a relative comfort for months/
years. These patients present later in childhood 
with chronic constipation. The presence of severe 
chronic constipation with a history of intestinal 
disorders from the fi rst days of life characterizes 
the clinical picture of an infant or a child suffer-
ing from HD. These children are “often sick” and 
have signifi cant abdominal distension, anorexia, 
dystrophies, anemia, dysproteinemia, and recur-
rent episodes of infection. 

 The most feared complication is the onset of an 
enterocolitis (Hirschsprung-associated enterocoli-
tis – HAEC). The HAEC is related to fecal stasis 
and bacterial overgrowth that determine necrotiz-
ing alterations of the intestinal mucosa and sec-
ondary infection. The HAEC can characterize the 
onset of the disease (one-third of HD cases) and 
may arise in a patient waiting for surgery but also 
after the surgical correction. The risk of HAEC 
determines the importance of early diagnosis of 
HD. Indeed, it is demonstrated that there is a 
greater frequency of HAEC in case of late diagno-
sis. Clinically, it is characterized by smelly diar-
rhea, fever, and worsening abdominal distension. 
If not properly treated, the HAEC can develop into 
a septic shock referred to as “toxic megacolon.”  

22.9     Diagnosis 

 When there is a clinical suspicion of HD, diag-
nostic investigations to be performed include 
radiologic evaluation (plain radiographs, barium 
enema), anorectal manometry, rectal full- 
thickness biopsy or serum muscle, and/or rectal 
biopsy by suction (rectal suction biopsy – RSB). 

 In the last three decades, the rectal biopsy by 
suction, with the demonstration of the high phys-
ical activity of submucosal acetylcholinesterase 
(AChE), has become the gold standard for the 
diagnosis of HD. 

 The fi rst step investigation in case of intestinal 
occlusion or sub-ileus is the abdominal x-ray 
(Fig.  22.1 ). Plain radiographs show colonic gas-
eous distension that does not involve the distal 
colon (aganglionic) that is instead uninhabited.

   The barium contrast enema is simple and 
exhaustive in the case of evident transition zone 
(“funnel” aspect) between the two segments (the 

  Fig. 22.1    Important colic distension ( red arrows ) on the 
x-ray with lack of air in the recto-sigma x       
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narrow aganglionic distal segment and the proxi-
mal dilated one) (Fig.  22.2 ). Another fi nding that 
is suggestive for HD is the retention of contrast in 
the colon on a 24-h post-evacuation fi lm. In case 
of total colic aganglia, it is characteristic the 
presence of the microcolon associated with mas-
sive ileal refl ux of contrast mean.

   Anorectal manometry in affected patients 
shows the presence of a high-pressure rectal 
baseline refl ex at rest and the absence of the 
recto-anal inhibitory refl ex (RAIR). 

 Physiologically there is a refl ex relaxation of 
the internal anal sphincter in response to recto- 
anal inhibitory refl ex (RAIR). In patients with 
HD, the rectal baseline pressure is higher than 
normal, and the recto-anal inhibitory refl ex is 
absent (negative RAIR). This technique has 
yielded good results when used in children, but it 
is not widely available for neonates. 

 The rectal biopsy (full-thickness biopsy) 
directly demonstrates the absence of ganglion 
cells in the myenteric plexus and the presence 
of cholinergic AChE-positive fi bers in the 
hypertrophic submucosa. It is the most sensi-
tive and specifi c investigation for the diagnosis 
of HD but also the most invasive because it 
requires a surgical procedure (Fig.  22.3 ). The 
suction biopsy was introduced in order to 
reduce this invasiveness. The procedure does 
not involve the colonic mucosa incision, as it is 
unnecessary for the diagnosis. The rectal suc-
tion biopsy with the immunochemical demon-
stration of acetylcholinesterase has become the 
gold standard for the diagnosis of HD. The 
procedure can be performed in an outpatient 
clinic. The rectal suction biopsy (RSB) is per-
formed with the transanal Noblett clamp. Three 
samples are taken from 2 to 5 cm above the 
dentate line, and all samples must include a 
fragment of submucosa. The samples are taken 
at different points of the rectal circumference 
(“3, 6, and 9 h”).

   The immunochemical diagnosis is based on 
the HD physiopathology. In recto-colic agangli-
onic segments, there is a signifi cant increment of 
the parasympathetic cholinergic elements from 
the sacrum. The cholinergic fi bers in AChE- 
positive patient with HD are thick and intricate 

nervous trunks that cross the muscularis mucosa 
and as hypertrophied nerves in the submucosa. 
The immunochemical examination looks for the 
increment in cholinergic AChE-positive fi bers in 
the submucosa.  

22.10     Management 

 When there is a clinical suspicion of HD, the fi rst 
therapeutic measure consists of performing rectal 
stimulations or irrigations in order to keep the 
colon clean and decompressed and avoid the 
onset of HAEC. 

 The irrigations are performed with physiologi-
cal solution (approximately 10–20 cm 3 /kg) to be 
repeated two to three times a day. Once the diag-
nosis is confi rmed, the surgical timing depends on 
the patient’s age. The majority of the diagnosis is 
performed in newborns, and the operation is 
planned between 2 and 4 months of life. In older 
patients, surgery is performed once the diagnosis 
has been confi rmed. The “one-stage” correction 
has emerged as the procedure of choice, thanks to 

  Fig. 22.2    Barium contrast enema showing a distal nar-
row aganglionic segment ( yellow arrow ) and a proximal 
dilated segment ( red arrow )       
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the proven effectiveness of the “conservative 
bowel management” and the proven benefi ts of a 
neonatal intervention, reducing the role of the 
colostomy that today remains indicated for total 
colonic aganglia (ileostomy) and recurrent HAEC. 

 There are numerous surgical techniques 
described for the treatment of HD. The goals of 
surgery are the removal of the aganglionic bowel 
and the lowering (pull-through) of the normally 
innervated intestinal tract down to the anus, pre-
serving the sphincter function. 

 The most commonly performed, and therefore 
considered “the major pull-through procedures,” 
are:

•    Swenson rectosigmoidectomy  
•   Duhamel retrorectal transanal pull-through  
•   Rehbein pull-through with anterior colorectal 

anastomosis  

•   Soave rectosigmoidectomy with aseptic 
endorectal colon pull-through    

 The Swenson procedure consists of removing 
the entire aganglionic colon and performing an end-
to-end anastomosis above the anal sphincter after 
the perineal eversion of the aganglionic rectum. The 
procedure is associated with high risk of injuring the 
pelvic nerves, vessels, and other pelvic structures. 

 The Duhamel technique provides for the cre-
ation of a retrorectal pull-through (between the 
rectum and the sacrum) with subsequent anasto-
mosis between the normally innervated bowel 
(posterior) and the aganglionic segment (ante-
rior). Although the less pelvic dissection makes 
the procedure safer, there can be problems related 
to the persistence of aganglionic segments. 

 The Soave technique is largely used, thanks to 
the effectiveness and safety of the endorectal 

a b

c d

  Fig. 22.3    Laparoscopic-assisted biopsy. The intestinal segment is chosen and exteriorized through the umbilical 
wound ( a ). The biopsy is performed outside the abdomen ( b ,  c ). Laparoscopic control at the end of the procedure ( d )       
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 dissection. The technique involves an abdominal 
and a perineal step. 

 The abdominal step classically requires a 
 laparotomy (left pararectal or sovrapubic incision 
according to Pfannenstiel) to access the abdominal 
cavity. The procedure starts from the determination 
of the distal normally ganglionic segment: the 
region is visually identifi ed above the transition 
zone (“funnel zone”) and confi rmed performing a 
seromuscular biopsy in the colon next to the sus-
pected transition zone. The sample is sent for histo-
logical examination. The mesocolon of the 
aganglionic segment (distal to the intestinal biopsy) 
is dissected once the presence of ganglia has been 
confi rmed. Then the seromuscular layer is circum-
ferentially separated from the rectal mucosa. 

 The perineal step provides for the transanal 
eversion of the rectal mucosal cylinder maintain-
ing the seromuscular layer inside the pelvis. In 
other words, the pull-through bowel is lowered 
within a “cuff” made of aganglionic muscle. 
Once the everted mucosa has been resected, the 
aganglionic colon is lowered outside the perineum 
until the normally ganglionic region is reached. 
The aganglionic colon is removed, and the 
remaining mucosa of the colon is anastomosed 
with the residual anal mucosa. 

 At the end of the pull-through, the neorectum 
consists of a double muscular layer. The outer 
shell is the rectal native musculature (“cuff”) 
located in anatomical continuity with the external 
sphincter, responsible for the physiological conti-
nence mechanisms. The internal muscular layer 
is represented by the musculature of the lowered 
normally ganglionic bowel whose function is to 
ensure the normal fecal progression. 

 In recent years, the evolution in the treatment 
of HD has permitted the use of laparoscopic sur-
gery that gained acceptance becoming the tech-
nique of choice for the treatment of almost all 
type of HD. 

 In 1995, Keith E. Georgeson described “the 
primary laparoscopic-assisted transanal endorec-
tal colon pull-through for Hirschsprung’s dis-
ease.” The procedure described by Georgeson 
may be defi ned as a “minimally invasive Soave- 
type operation” because it is based on the same 
surgical principles of the Soave technique with 

few differences: the section of the mesocolon is 
performed laparoscopically and the endorectal 
dissection is completed through the anus (trans-
anal) and not through the abdominal cavity. 

 The technique has a fi rst laparoscopic step and 
a subsequent perineal step. The laparoscopic step 
starts with the identifi cation of the transition zone 
(by laparoscopic biopsy). Once the presence of 
ganglia has been confi rmed, the mesocolon of the 
distal aganglionic bowel is dissected until you 
reach the peritoneal rectal refl ection (Fig.  22.4 ).

   The rectum is then dissected starting from the 
circumferential section of the peritoneal refl ec-
tion. The rectal isolation proceeds with blunt dis-
section adjacent to the rectal walls (Fig.  22.5 ).

  Fig. 22.4    Laparoscopic mesocolon dissection of the 
aganglionic bowel, performed distally to the biopsy       

  Fig. 22.5    Section of the rectal peritoneal refl ection       
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   The perineal step involves the dissection of the 
rectal mucosa and the subsequent pull- through of 
the colon. The transanal mucosal rectal dissection 
starts with a mucosal incision performed 0.5–1 cm 
above the dentate line (Fig.  22.6 ).

   The blunt approach permits the identifi cation 
of a submucosal plane of dissection (Fig.  22.7 ). 
The mucosectomy proceeds proximally for 
10–15 cm until the plane of the rectal dissection 
(performed laparoscopically) has been reached. 
At this point, the rectum “prolapses” outside.

   The rectal muscular layer (“cuff”) is sectioned 
at its distal part, and it is reintroduced into the 
pelvis after the section of the anterior and poste-
rior edges (Fig.  22.8 ).

   The next step is the lowering of the colon 
inside the rectal muscular cuff until the normally 
ganglionic region (where there the biopsy was 
performed) is identifi ed (Fig.  22.9 ).

   The aganglionic bowel is resected and the colo-
anal anastomosis is performed (Fig.  22.10 ) [ 2 ,  3 ].

22.11        Postoperative Care 

 A nasogastric tube is maintained for 12–24 h. 
The patient continues broad-spectrum antibiotic 
therapy for 5–7 days. The patient can be fed once 

  Fig. 22.6    Circumferential mucosal incision, 5–10 mm 
above the pectinate line       

  Fig. 22.7    A submucosal dissection plane is identifi ed by 
blunt dissection ( m  anal mucosa with traction stitches,  M  
muscular cuff)       

  Fig. 22.8    Mucosectomy proceeds until the rectum pro-
lapses (once the point of the laparoscopic isolation has 
been reached). The rectal muscular wall without the 
mucosa is sectioned and reintroduced into the pelvis ( m  
mucosa,  M  muscle,  C  muscular cuff)       

  Fig. 22.9    Pull-through of the aganglionic colon inside 
the muscular cuff until the site of the biopsy (yellow 
arrow) is reached       
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bowel movements resume and discharged once 
full fed is reached. Two weeks after surgery, the 
anal anastomosis is dilated to avoid strictures. 
Anal dilatations continue for about 1 year.  

22.12     Complications 

 The most frequent early postoperative complica-
tion is represented by colo-anal anastomosis 
dehiscence (3.2 %) which, if not massive, is solv-
able conservatively. 

 Late postoperative complications are more 
frequent:

•    HAEC (2–40 %) treated by intensive bowel 
irrigations, broad-spectrum antibiotics, and, in 
severe unresponsive cases, packaging 
colostomy.  

•   Colo-anal anastomosis stenosis (0–20 %): a 
risk factor in the onset of a stenosis is its previ-
ous dehiscence; conservative treatment with 
anal dilatation is usually suffi cient to resolve 
the stenosis.     

22.13     Redo Pull-Through 
for Hirschsprung’s Disease 

22.13.1     Introduction 

 Härold Hirschsprung fi rst described congenital 
aganglionosis and the associated clinical features 

in 1886. While Swenson is credited for the fi rst 
successful treatment of Hirschsprung’s disease 
(HD) [ 4 ] in 1948, there are descriptions of the 
disease process dating back several centuries [ 5 ]. 
Over the last 65 years, many modifi cations to the 
surgical repair of HD have been proposed. The 
operative principles remain the same in that the 
aganglionic bowel is resected and healthy, and 
ganglionated bowel is sutured or stapled low in 
the anal canal above the dentate line, known as a 
pull-through (PT). The most common techniques 
performed today are a transanal approach with or 
without laparoscopic assistance, a modifi ed 
endorectal PT, and a Duhamel retrorectal PT. 

 Regardless of the technique, repair most often 
leads to satisfactory results. However, some chil-
dren experience long-term postoperative 
 complications [ 6 ]. These problems can present 
with a wide array of stooling disorders after an 
apparent successful PT procedure. These disor-
ders can range from intermittent enterocolitis to 
far more signifi cant issues such as severe stool 
retention, intestinal obstruction, as well as incon-
tinence [ 7 ]. Many of these disorders can be man-
aged medically or may even be self-limiting, but 
on rare occasions (<3 % of children from our own 
group of primary-PT cases), the child may require 
a redo-PT procedure.  

22.13.2     Redo Pull-Through Data 

 There is a lack of data with respect to outcomes 
following redo PT for HD, and while studies 
have suggested that approach is superior, there is 
no consensus as to which is the superior approach 
[ 8 – 10 ]. Specifi c gaps in data include indications 
and timing for redo-PT surgery, surgical proce-
dure for redo PT, and stooling outcomes. The 
University of Michigan recently published their 
experience over 40 years with PTs for 
Hirschsprung’s disease, including 467 primary 
pull-through procedures [ 11 ]. Nine (2 %) of these 
eventually underwent redo PT. An additional 37 
patients were referred after primary PT elsewhere 
required redo PT for a total of 46 individuals 
(52 % male) who underwent redo PT. Since that 
publication, fi ve additional redo-PT cases have 

  Fig. 22.10    Ano-colic anastomosis       
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been performed. The child’s primary PT was per-
formed for varying levels of aganglionosis, with 
59 % having rectosigmoid, 13 % left-sided, and 
9 % mid-colon or right-sided (including one 
patient with total colonic) disease. For 19 % of 
patients, no recorded length of involved agangli-
onosis was documented. Open endorectal PT 
(ERPT) was the most frequent primary PT 
(41 %), followed by transanal ERPT (22 %), 
Swenson (17 %), Duhamel (11 %), and unknown 
operation (9 %). 

22.13.2.1     Outcomes After Primary 
Pull-Through 

 Common and serious long-term complications 
after defi nitive treatment for HD are divided into 
three groups. These include soiling/incontinence, 
persistent problems with the passage of stool 
(e.g., constipation), and recurrent Hirschsprung- 
associated enterocolitis (HAEC) [ 12 ]. Factors 
contributing to these problems are either patho-
logic or anatomic. Pathologic causes comprise 
residual aganglionosis or transitional zone 
pathology. The anatomic causes involve stricture, 
with or without anastomotic leak, retained dilated 
segment, obstructing Duhamel pouch/Soave cuff, 
or twisted pull-through. 

 The complications were similar in the Michigan 
review of redo-PT patients. Early complications 
after the patient’s primary PT occurred in 44 % of 
all cases that eventually underwent a redo PT. This 
rate was higher than a historical cohort of patients 
not requiring a redo PT (16 %  P  = 0.01) [ 13 ]. These 
early complications included anastomotic leak 
(19 %), obstruction (9 %), twisted PT (4 %), and 
enterocolitis (6 %). Late complications in those 
children eventually requiring a redo PT included 
obstructive symptoms (87 %) of which functional 
constipation made up the majority (54 %). 
Obstruction was caused by stricture in 22%, and 
9 % had a specifi c technical cause for constipation, 
including obstructing Duhamel pouch ( n  = 3) and a 
twisted PT segment ( n  = 1).  

22.13.2.2     Indications for Redo PT 
and Pathology 

 Forty-one percent of patients underwent an 
ostomy creation prior to redo PT. This was due to 

a dilated colon ( n  = 10), stricture ( n  = 3), anasto-
motic leak ( n  = 3), or other miscellaneous reasons 
( n  = 3). Twenty-eight percent of patients at our 
institution underwent intervention in an attempt 
to alleviate obstructive symptoms prior to redo 
PT as per our previously published algorithm 
[ 14 ]. These included anal dilations (two patients), 
posterior myotomy or myectomy (POMM; seven 
patients), or Botox® (Allergan, Inc. Irvine, CA) 
injection into the anal sphincters. The indications 
for POMM or dilations were stricture or tight 
cuff. However, fi ve of seven were subsequently 
found to have retained aganglionosis either by 
biopsy or upon fi nal review of pathology after 
redo PT. An additional child was found to have a 
twisted segment during redo PT. 

 Indication for redo PT in the recent review 
was most commonly for a retained agangliono-
sis/transition zone pathology (RA/TZP; 71 % 
overall). Other indications included stricture/
obstructing Duhamel pouch (19 %), excessively 
tight cuff (8 %), and twisted PT (4 %), but none 
for recurrent enterocolitis alone (0 %). A small 
percentage of the reviewed patients had no listed 
indication for redo PT. The fi nding of RA/TZP 
causing the majority of problems highlights the 
importance of appropriate pathologic evaluation 
of the PT segment at the initial operation. Another 
interesting fi nding was that timing between pri-
mary PT and redo PT was suggestive of the indi-
cation for operation. Three groups were 
established. The immediate re-operative group 
(those performed within 6 months after the pri-
mary PT) all had gross anatomical indications 
(twisted segment, obstructing Duhamel pouch, or 
stricture) for their redo PT. The early (<3 years) 
and late (>3 years) redo-PT groups showed 40 
and 70 % of patients having RA/TZP, 
respectively. 

 The primary PT pathology slides of the nine 
redo PTs that had the initial operation at Michigan 
were pulled from the archives and reviewed with 
a pediatric pathologist with expertise in HD. In 
eight of the nine, the proximal margin of the orig-
inal PT segment had normal ganglion cells and 
lacked hypertrophic nerves at the time of the pri-
mary PT. Interestingly, the redo-PT specimen 
from each of these eight cases showed fi ndings 
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consistent with RA/TZP. There was a variable 
length of aganglionic bowel at the site of the 
anastomosis. This strongly suggests that an 
acquired aganglionic segment developed after the 
time of the primary PT. Of note, the last patient in 
this group was found to have a misread frozen 
section and an inappropriate and aganglionic seg-
ment of bowel used for the PT. Eventually, this 
patient was found to have total colonic agangli-
onosis (TCA), and a redo PT was performed 11 
months after the initial surgery.   

22.13.3     Operative Approach of Redo 
Pull-Through 

 Performing a redo PT is diffi cult in many respects. 
This is true both in the operating room and also in 
the initial workup and decision tree. Only experi-
enced pediatric surgeons following an appropriate 
algorithm should take on these cases. Determination 
that redo PT is necessary is the fi rst step. However, 
the redo operation carries risks far greater than the 
original surgery, and each patient should be 
approached on an individual basis, and an opera-
tive intervention should be planned according to 
its presentation, type of complication, underlying 
pathology, and previous surgical history. Because 
of this, operative approach can vary widely and is 
heavily dependent on these factors as well as sur-
geon preference as to the type of repair. 

 In our experience, an open ERPT was the 
most commonly performed redo-PT procedure 
(38 %). This was followed by a Swenson (25 %), 
Duhamel (13 %), and transanal ERPT (7 %). A 
small proportion of patients will have a frozen 
pelvis secondary to several previous attempts at 
redo PT. Distal dissection may not be possible. 
An end-to-end anastomosis (EEA) can be per-
formed using a circular EEA stapling device.  

22.13.4     Outcomes from Redo 
Pull-Through 

 Although complex and diffi cult, patients under-
going redo PT can achieve very good outcomes. 
Although the number of patients analyzed is 

small, it appears that there is no correlation with 
the type of initial or redo PT performed and the 
long-term outcomes. Complications are quite 
similar after redo PT compared to primary PT in 
experienced hands. Early complications include 
wound infection, anastomotic breakdown or 
leaks, abscess, perforation, and HAEC. There 
was, however, no difference in the redo-PT 
patients’ early complication rate when compared 
to a matched cohort of children undergoing a pri-
mary PT (17 vs. 16 %, respectively,  P  = 0.7). Late 
complications are also comparable. The overall 
rate of late complications was similar to those 
found in our primary-PT patients (40 vs. 32 %, 
respectively,  P  = 0.65). These late complications 
comprise constipation, HAEC, stricture, obstruc-
tion, and fi stula. Only constipation was found to 
be signifi cantly higher ( P  < 0.05) in the redo-PT 
group. 

 Of the 51 patients in our series, 32 remained 
current in our system, thus allowing long-term 
follow-up. A stooling survey (Kim et al.) was 
completed through a telephone interview [ 13 ] or 
through scoring based on recent clinic notes. 
Stooling scores comprised a composite  evaluation 
of stooling pattern (e.g., excessively loose or 
explosive stooling), continence, and/or evidence 
of enterocolitis. Eleven patients were lost to fol-
low- up; four were not yet toilet trained (all 
<3 years of age) or had stomas. The remaining 17 
patients and/or families were interviewed. Mean 
follow-up was 224.5 ± 157.6 months (range 6.3–
491.6 months). All these children had their stool-
ing outcomes assessed. Total stooling scores are 
shown in Table  22.1 . Stooling scores are listed in 
three categories. These are continence, stooling 
pattern, and enterocolitic complaints and are 
based on a previously established scoring system 
[ 13 ]. Lower scores denote better outcomes. Total 
scores were signifi cantly worse in the redo-PT 
patients compared to the historically matched 
group of children undergoing a primary PT for 
HD (5.5 ± 1.2 vs. 12.2 ± 1.4,  P  < 0.05). Stooling 
pattern scores (1.0 ± 0.2 vs. 4.1 ± 0.4,  P  = 0.001) 
and enterocolitis scores (2.0 ± 0.4 vs. 4.2 ± 0.4, 
 P  = 0.001) were statistically worse in the redo-PT 
group. Continence scores were not different. 
While slightly higher (worse) in the redo-PT 
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group, continence was not statistically different 
from those undergoing a primary PT (2.5 ± 0.7 vs. 
3.9 ± 1.0  P  = 0.33). In fact, daytime continence of 
redo-PT children was found to be 81 %. This was 
similar to the rate of daytime continence in the 
primary-PT control group of 86 % ( P  = 0.6). Only 
25 % of redo-PT patients had complaints of occa-
sional nighttime soiling.   

22.13.5     Principles of Redo PT 

 Defi nitive operative management of HD usually 
has favorable outcomes. However, with quality- 
of- life measures, there is a growing appreciation 
of stooling disorders which HD children present 
with after an otherwise successful PT procedure 
[ 15 – 17 ]. These disorders can range from inter-
mittent enterocolitis to severe stool retention, 
intestinal obstruction, as well as incontinence [ 7 ]. 
Such disorders may be self-limiting, but on rare 
occasions (<3 % of children from our own group 
of primary PT cases), the child may be found to 
benefi t from a redo-PT procedure. 

 With redo PT, stooling outcomes are signifi -
cantly worse compared to those after a primary 
PT. Importantly, continence is still retained in the 
majority of children. In agreement with previous 
reports on redo PTs, the present study was unable 
to fi nd a correlation in outcomes based on the 
type of PT, either at primary PT or redo PT [ 18 –
 21 ]. This highlights the fact that the management 
of complex or recurrent HD requires expert eval-
uation. Each individual patient’s situation should 
be handled by an experienced team of pediatric 
surgical specialists. The tailoring of an operative 
plan on a case-by-case basis is perhaps more 
important than the specifi c technique of choice. 
Nevertheless, several general principles should 

be followed. The critical step is for the surgeon 
and team to understand the etiology of the failed 
PT. For instance, for children with sphincteric 
spasm or a tight endorectal cuff, the transanal 
endorectal approach may be most appropriate 
[ 19 ]. In those infants who undergo an initial 
ERPT, often a redo PT (28 %) using an ERPT 
approach may be used. Either may be suitable for 
those patients with a relatively short segment of 
RA/TZP. Often, laparoscopy may be needed to 
assist with colonic mobilization and to perform 
confi rmatory seromuscular biopsies if the seg-
ment length is in question. 

 The transabdominal approach is preferred for 
cases with long-segment aganglionosis, twisted 
PT, or stricture due to ischemia or leak. This 
allows for clear identifi cation of the anatomy and 
complete mobilization of the bowel. Moreover, 
dissection through the likely dense scar can 
require an open operation. A twisted segment 
may be managed in several ways. An endorectal 
approach may be appropriate, but the child may 
do better with either a Duhamel or Swenson pro-
cedure. The Duhamel approach, as advocated by 
Langer, is also an option [ 19 ]. If this is done, the 
surgeon must consider the thickness of the tissue 
layers within the stapler. If an ERPT was the 
original procedure, the anastomosis will involve 
a new segment of ganglionic bowel and the origi-
nal aganglionic muscularis propria, as well as 
various amounts of scar tissue. A thicker load, as 
large as the green load (4.5 mm) stapler, may be 
needed should the operative plan include a 
 stapled anastomosis. In cases where scarring is 
severe, the authors have occasionally performed 
a full-thickness mobilization of the rectum as far 
distally as possible, transecting the diseased por-
tion and then performing an end-to-end stapled 
anastomosis using an EEA-type stapling device 

   Table 22.1    Summary of Stooling Survey Outcomes. The Primary PT group is an historical group matched for sex, 
mental development delay and length of involved segment to the RedoPT group [ 10 ]. Stooling scores are broken down 
into 3 categories, continence, stooling pattern and enterocolitic complaints. A lower score denotes better outcome   

 Stooling Survey  Primary PT(n=45)  Redo PT (n=17)  P value 

 Total (0–40)  5.5±1.2  12.2±1.4  0.003* 
  Continence (0–21)  2.5±0.7  3.9±1.0  NS 
  Stooling pattern (0–9)  1.0±0.2  4.1±0.4  0.001* 
  Enterocolitis (0–10)  2.0±0.4  4.2±0.4  0.001* 
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with good results. This technique is useful in 
patients in whom the pelvis is too frozen to per-
mit complete endorectal dissection or eversion of 
the distal rectum onto the perineum, but two 
points are important to emphasize. First, the sur-
geon should maintain a protective colostomy 
after the redo PT. In these cases, the EEA anasto-
mosis needs to be intermittently dilated prior to 
ostomy closure to prevent stricture. Secondly, if 
the pelvis is frozen, a small length of residual 
aganglionosis may be left, and this may have to 
be secondarily dealt with using a more aggressive 
bowel regimen. The details of operative choices 
with given clinical situations can be found in 
greater detail in a chapter previously written by 
our group [ 14 ]. 

 On the day of redo PT, it is imperative that 
experienced pediatric pathology support is 
 available during the procedure. Although several 
technical errors have been identifi ed (anasto-
motic leak and twisted PT segment) as problems 
leading to symptoms requiring redo PT, the 
majority of the patients who eventually required 
redo PT were found to have a pathologic cause 
for recurrent symptoms in our recent series of 51 
individuals undergoing redo PT. This cause of 
treatment failure has been recently established by 
two large reviews. In a meta-analysis of 555 
redo-PT patients, RA/TZP was cited as a major 
cause of failure [ 22 ]. Another [ 6 ] recent publica-
tion reported that 63 % of patients requiring redo 
PT had RA/TZP pathology. The term RA/TZP is 
used in our report whether the etiology was due 
to a pathology error at the time of the original PT 
or due to an acquired, secondary aganglionic seg-
ment. This fi nding is similar to a fi nding of transi-
tion zone pathology predicting problems by 
several other authors and emphasizes the need for 
experienced pathology support [ 6 ,  23 ]. 

 Finding RA/TZP at redo PT can only be 
explained by a few scenarios. The fi rst explana-
tion is that a portion of aganglionic or transition 
zone bowel was used for the PT segment at the 
primary PT procedure. This should not happen in 
experienced hands. Several techniques should be 
utilized to avoid this misadventure. Full-thickness 
biopsies done circumferentially should be per-
formed. A ring of tissue should be examined 

from the colon just distal to the planned pull- 
through segment prior to completing the anasto-
mosis. This is the only way to assure oneself that 
the PT segment is entirely ganglionic because 
transition zones vary from mesenteric to antimes-
enteric sides as transition zones. Only sending a 
ring of colon will fully allow proper assessment 
of the pull-through specimen [ 6 ,  24 ,  25 ]. The sec-
ond scenario is incorrect reading of the frozen 
section by an inexperienced pathologist, which 
argues for this type of surgery being done at 
major institution with expert pathology [ 26 ]. 

 Even when using the aforementioned methods, 
the most experienced surgeons at high- volume 
centers can experience operative failure due to 
RA/TZP. Our experience has been similar. The 
original pathology slides of all patients who had 
both the primary PT and redo PT at our  institution 
were rereviewed. In eight of nine, the proximal 
margin of the original PT segment had normal 
ganglion cells and lacked hypertrophic nerves. 
The ninth was recognized as a pathologic misread 
and redo was performed early. The redo- PT speci-
men from each of the remaining eight cases 
showed fi ndings consistent with RA/TZP. This 
phenomenon supports a concept of an acquired 
segment of aganglionosis. Some authors have 
postulated that this may be a variant form of HD 
[ 27 ]. Others hypothesize that secondary agangli-
onosis may be due to neuronal cell death from an 
ischemic insult on the distal PT [ 28 ]. Review of 
the pathology showed no evidence of ischemia in 
the redo-PT pathology. The acquisition of this 
aganglionic segment may come from the child’s 
own growth, potentially in association with an 
upward tension on the PT segment. This would 
lead to a stretching of the remaining aganglionic 
segment. Additionally, chronic constipation might 
contribute to elongation of the segment. These 
initial observations require more data to validate 
this speculative theory. 

 These redo-PT procedures are technically quite 
challenging and require expertise in all types of 
pull-through procedures for HD. We would advo-
cate that these cases be evaluated and operated 
upon by an experienced pediatric surgeon with the 
necessary surrounding clinical support. It is of 
interest to note that our series had very few chil-
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dren requiring a redo PT due to a tight cuff or 
HAEC. This is at variance with other recent redo-
PT series [ 24 ]; this may be due to an increasing 
appreciation and avoidance of these problems dur-
ing the primary PT [ 29 ]. It may also be due to the 
fact that we have good success with a posterior 
myomectomy (POMM) procedure in children 
with these disorders [ 29 ]. The number of patients 
undergoing interventions for obstructive symp-
toms in this redo-PT group was three times higher 
than what we previously reported in our primary-
PT patients (9 %) after their initial PT. This sug-
gests that this group of patients would not have 
been cured without a redo PT. POMM can be suc-
cessful when used in selected situations, e.g., 
recurrent enterocolitis or tight cuff, but is inappro-
priate with RA/TZP or mechanical complications. 

 Success rates vary widely after redo PT 
depending on the defi nitions of good outcomes 
[ 23 ,  24 ,  30 ]. Some series have reported very low 
fecal continence rates (50 % range) [ 31 ], but this 
may be due to injuries incurred at the primary 
PT. Others report a high cure rate after redo PT 
(over 91 %); however, these authors do not report 
a functional assessment of these patients [ 20 ]. 
Lawal et al. report that 85 % of patients had some 
degree of continence after redo PT [ 24 ]. Though a 
detailed score is not given, the results are similar 
to our own report of 81 % of patients remaining 
continent. The stooling pattern of our patients was 
quite good. Nevertheless, we found our stooling 
outcomes to be signifi cantly worse than those in 
our own primary-PT patients. This emphasizes 
the fact that this group of children should be 
approached carefully by an experienced team. 
Aggressive prevention of functional constipation 
after anatomic repair is important in avoiding 
recurrent symptoms of large bowel obstruction. 

 In conclusion, re-operative HD surgery is 
complex. This begins with the workup after ini-
tial presentation following primary PT to the 
defi nitive surgical correction with redo PT. There 
is no best operative approach for a redo PT, and 
the decision tree can be variable with each 
patient. The operating pediatric surgeon must be 
able to utilize different operations to treat this 
problem and the treatment options available. 
While lesser procedures may provide relief in a 

select population, those with RA/TZP or mechan-
ical problems will likely require a redo PT. Thus 
the diagnostic workup, treatment plan, and defi n-
itive surgical care should be coordinated and 
executed by an experienced, specialized team at a 
pediatric referral center.      
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      Infl ammatory Bowel Disease                     

     Giovanni     Di     Nardo     ,     Andrea     Pession    ,     Luca     Bertelli    , 
    Sara     Isoldi    ,     Rita     Cozzali    ,     Michela     Maffi     , 
and     Mario     Lima    

      Infl ammatory bowel disease (IBD) includes two 
classic entities, Crohn’s disease (CD) and ulcer-
ative colitis (UC), and a third undetermined 
form (IBD-U), characterized by a chronic 
relapsing course resulting in a high rate of mor-
bidity and impaired quality of life. In this chap-
ter, we will describe the current knowledge in 
management options for children with IBD, 
emphasizing the unique aspects of the pediatric 
condition. 

23.1     Ulcerative Colitis 

23.1.1     Introduction 

 Ulcerative colitis is an idiopathic IBD affecting 
primarily the mucosal layer of the colon. UC is 
more frequent between ages 15 and 35 (20 % of 
patients are younger than 20 years old), even if it 
has been reported in every decade of life. 
The disease extent is variable; infl ammation 
can be restricted either to the distal rectum or to 
the entire colon. Usually, early-onset disease 
(<5 years old) is more aggressive than 
 adolescence or adult onset. Pediatric onset of 
disease is characterized by delayed skeletal mat-
uration and a delayed onset of puberty. Hence, as 
well as gastrointestinal and extraintestinal com-
plications, growth and nutrition are key priori-
ties in the management of adolescents with UC, 
together with psychosocial implications [ 1 ].  

23.1.2     Epidemiology 
and Pathogenesis 

 The incidence of UC in children has remained 
almost constant over the past fi ve decades. 
Incidence rates are noted to be increased recently 
in countries where IBD was previously uncom-
mon. According to Scandinavian, North 
American, and UK studies, UC incidence in chil-
dren ranges from 2.1 to 4.2 cases/year/100,000 
population. This disease is more common in 
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industrialized countries and in urban population. 
This peculiar distribution suggests that environ-
mental factors may be fundamental to the devel-
opment of such disease. Of course, genetic 
predisposition is crucial: higher rates are reported 
in Jewish population than non-Jewish, and they 
are even higher in the same ethnic population 
moved from low-risk geographic region to high- 
risk one. Concordance rates among monozygotic 
twins are about 16.5 % and among dizygotic twins 
about 2 %. Therefore, the pathogenesis of such 
disease seems to imply genetic, environmental, 
and immunologic factors. Precisely, the interac-
tion between the intestinal microfl ora and the host 
innate immune system may lead to a deregulated 
immune response and consequently to infl amma-
tion. Antibiotic usage, especially early in child-
hood, and dietary habits may trigger UC by 
modifying microbiome. However, there is no data 
to support whether microfl ora alteration is the 
cause or the result of intestinal infl ammation [ 2 ].  

23.1.3     Clinical Features 

 UC is a chronic infl ammatory bowel disease char-
acterized by fl are-ups and remissions. Clinical 
presentation of pediatric UC depends on disease 
extension, severity, and patient age. Most com-
mon symptoms include rectal bleeding, abdomi-
nal pain, and diarrhea. If the disease involves the 
rectum only (proctitis), common symptoms are 
tenesmus and urgency, together with bloody 
stools. Otherwise, left-sided colitis and pancolitis 
generally present with abdominal pain and diar-
rhea with blood and mucus. Systemic symptoms, 
such as low-grade fever, weight loss, anemia, 
lethargy, and growth retardation, may be present. 
Several studies have reported more extensive 
colonic involvement in childhood-onset com-
pared to adult-onset disease. Furthermore, about 
35 % of children with UC required immunomodu-
lators within 12 months of diagnosis, and the 
median time to fi rst surgery was shorter in patients 
with childhood-onset than in adult-onset patients. 
Although most of pediatric patients will present 
with a mild form of the disease, about 10–15 % of 
them will present with an acute and severe one 
(fulminant colitis). In adults this pattern is defi ned 

as the presence of six or more bloody stools per 
day along with one of the following: anemia, 
tachycardia, fever, and elevated ESR. This classi-
fi cation has never been validated in children, 
because of age-dependent hemoglobin values and 
pulse rate; moreover, fever is not so common in 
children with severe colitis. Therefore, a noninva-
sive, continuous scoring for pediatric UC activity 
evaluation has been proposed, which is the pediat-
ric UC activity index (PUCAI). It is based on six 
variables, which are abdominal pain, rectal bleed-
ing, stool consistency, nocturnal stools, number of 
stools each 24 h, and interruption to normal activ-
ities, and it is adequate to quantify the degree of 
disease severity. Cutoff scores for remission and 
mild, moderate, and severe disease have been 
identifi ed and validated: PUCAI 0–9 indicates 
remission, 10–34 mild activity, 35–64 moderate 
activity, and 65–85 severe activity. PUCAI has 
been proven to correlate closely with physician’s 
global assessment and endoscopic score. Acute 
severe UC is considered as a life-threatening con-
dition, with risk of various complications. The 
mortality rate is about 1 %, and most common 
severe complications are massive hemorrhage, 
toxic megacolon, perforation, and intestinal infec-
tions. Potential complications of long- standing 
UC include dysplasia, colon cancer (CRC), and 
rarely strictures. A meta-analysis reported that the 
cumulative risk of CRC in patients with UC was 
2 % at 10 years, 8 % at 20 years, and 18 % at 30 
years. The risk is increased by specifi c factors, 
such as disease duration, extensive mucosal 
involvement, concomitant primary sclerosing 
cholangitis, family history of CRC, and early 
onset of UC. ECCO guidelines published in 2013 
recommend a screening colonoscopy 8 years after 
the onset of colic symptoms. Ongoing surveil-
lance should be repeated every 1, 3, or 5 years 
depending on the risk factors.  

23.1.4     Extraintestinal Manifestations 

 Extraintestinal manifestations of UC may occur 
in 25–30 % of children with CU. It may present at 
diagnosis in about 6–23 % of children, with higher 
frequency in those >6 years. Many symptoms 
seem to be independent on disease activity, such 
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as pyoderma gangrenosum, uveitis, axial arthrop-
athy, autoimmune hepatitis, and primary scleros-
ing cholangitis. In particular, the latter affects 
3–7.5 % of children with UC, and it is responsible 
for the destruction of biliary ducts that is most of 
the cases irreversible and  refractory on medical 
treatment and often leads to liver transplantation. 
Symptoms such as peripheral arthritis, episcleri-
tis, erythema nodosum, and aphthous stomatitis, 
on the contrary, usually come out or exacerbate 
parallel to intestinal infl ammatory activity and 
extension. Several studies have reported an 
increased risk for venous thromboembolism 
(VTE) in IBD population, especially during fl are-
ups. For this reason, it is useful to verify the pres-
ence of additional risk factors for VTE, such as 
thrombophilia, chronic presence of antiphospho-
lipid antibody, obesity, smoking, the use of oral 
contraceptives, and other medications with 
increased risk of thrombosis, in patients with UC.  

23.1.5     Diagnosis 

 The diagnosis of UC relies on exhaustive anam-
nesis, the presence of gastrointestinal and extrain-
testinal manifestation, family history, and 
physical examination, together with endoscopic 
and histological characteristic features. It is 
essential to exclude other causes of intestinal 
infl ammation, such as Crohn’s disease and infec-
tious colitis. In infancy, a common cause of 
bloody diarrhea with cramping is allergic colitis. 
In infancy, other causes of bloody diarrhea should 
be considered, such as necrotizing enterocolitis, 
Hirschsprung’s enterocolitis, and intussuscep-
tion. Differential diagnosis for early-onset colitis 
includes immunodefi ciency; the most common 
are chronic granulomatous disease and IL10 
receptor defi ciency. In older children, polyps and 
Meckel’s diverticulum should be considered. 
Physical examination consists primarily of abdo-
men and perianal region examination. Signs of 
abdominal distention, tenderness, and mass 
should be checked. Perianal abnormalities 
include fi ssures, skin tags, fi stulas, or abscess. 
Eventual extraintestinal manifestations of IBD 
should be documented. Then, assessment of 
height, weight, and nutrition is useful [ 1 ]. 

23.1.5.1     Laboratory Assessment 
 The initial work-up consists in collection of multi-
ple stool samples for microscopy and culture in 
order to exclude an enteric infection. Most frequent 
microbic agents that can mimic UC are  Shigella , 
 Salmonella ,  Campylobacter ,  Enteropathogenic 
Escherichia coli ,  Yersinia , and  Clostridium diffi -
cile . Exclusion of enteric infection is fundamental, 
but we have to take into account that infective 
agents may trigger a fi rst episode of fl are of 
UC. Hence, the identifi cation of an enteric infec-
tion does not necessarily exclude a diagnosis of 
UC. Stool infl ammatory markers are helpful to 
assess bowel infl ammation: fecal calprotectin and 
lactoferrin are generally increased in active 
UC. Fecal biomarkers may be useful as screening 
test, because they are noninvasive and they have a 
high sensitivity; however, they are largely nonspe-
cifi c, since they cannot distinguish UC from CD or 
from any other infl ammatory bowel conditions, 
including enteric infections. Routine laboratory 
studies may reveal a nonspecifi c infl ammatory 
state with leukocytosis, thrombocytosis, hypoalbu-
minemia, and elevated C-reactive protein (CRP) 
and erythrocyte sedimentation rate (ESR). 
Nevertheless they have low specifi city and sensitiv-
ity for gut infl ammation, because in most cases 
(about 54 % of children with mild disease) they are 
quite normal at the time of diagnosis. 

 Even if results are often negative, two sero-
logical markers may be useful in differential 
diagnosis between CD and UC: the presence of 
antineutrophil cytoplasmic antibodies (ANCA) is 
more common in UC (60–70 %) than in CD (20–
25 %), whereas anti- Saccharomyces cerevisiae  
antibodies (ASCA) are more frequently found in 
CD (50–70 %) than in UC (10–15 %). These 
markers may be useful to orientate the diagnosis 
in cases of chronic colitis not referable to UC nor 
CD despite extensive work-up.  

23.1.5.2     Endoscopic and Histologic 
Evaluation 

 Colonoscopy and ileoscopy with biopsies play a 
pivotal role in the diagnostic process of 
UC. Typical endoscopic appearance of UC is dif-
fuse uniform infl ammation extending proximally 
from the rectum for a variable length. Common 
fi ndings are erythema, granularity and increased 
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friability of colonic mucosa, loss of normal 
 vascular pattern, and the presence of erosions and 
minute ulcers (Fig.  23.1 ). In case of severe dis-
ease, deeper ulcerations may be present, and, 
rarely, strictures have been described. 
Pseudopolyps are characteristic of a long- 
standing disease. If pancolitis is present, the 
infl ammation may involve the terminal ileum that 
may exhibit a nonerosive erythema and edema of 
the mucosa (“backwash ileitis”). Ileal infl amma-
tion correlates with the degree of infl ammation of 
the right colon. Typical histological fi ndings of 
UC are a continuous pattern of acute and chronic 
infl ammation limited to mucosal layer, with basal 
plasmacytosis, crypt distortion, crypt abscesses, 
and goblet cell depletion. Generally, infl amma-
tion progressively decreases from distal to proxi-
mal colon. The absence of granulomas helps to 
exclude CD. The adult-based Montreal disease 
classifi cation system for IBD includes three types 
of UC: proctitis (E1), left-sided disease (E2), and 
disease proximal to the splenic fl exure (E3). 
Recently, Paris classifi cation has modifi ed the 
Montreal system for pediatric UC by the addition 
of E4 (disease proximal to hepatic fl exure) and 
S1 (severe UC).

   In children fi ve atypical features of UC have 
been reported:

    1.    Rectal sparing: 5–30 % of untreated pediatric 
patients exhibit a macroscopic, though not 

microscopic, normal rectal mucosa. This fea-
ture is more frequent in younger children.   

   2.    Short duration: in young children with short 
duration of disease, biopsies may show a focal 
infl ammation or absence of typical architec-
tural distortion.   

   3.    Cecal patch: about 2 % of children with left- 
sided colitis exhibit an area of cecal infl amma-
tion. Histopathologic examination reveals a 
nonspecifi c infl ammation without granulomas.   

   4.    Upper gastrointestinal endoscopy: 4–8 % of 
children present an upper gastrointestinal 
involvement, with diffuse or focal infl amma-
tion and mild ulcerations.   

   5.    Acute severe colitis: children with acute pan-
colitis may have histopathology fi ndings simi-
lar to CD, such as transmural infl ammation 
and deep ulcers. However, lymphoid aggre-
gates are absent, and ulcers are typically 
V-shaped, differently from CD.     

 Hence, in addition to ileocolonoscopy, the 
ESPGHAN Revised Porto Criteria for IBD rec-
ommend to perform esophagogastroduodenos-
copy with biopsies in all children, when IBD is 
suspected, irrespective of the presence or absence 
of upper gastrointestinal symptoms.  

23.1.5.3     Small Bowel Imaging 
 Small bowel evaluation is essential if IBD is 
suspected. The ESPGHAN Revised Porto 
Criteria for IBD recommend to perform it dur-
ing the diagnostic work-up, in order to evaluate 
the extent or the presence of small bowel CD 
and to aid the diagnosis in patients with atypi-
cal UC; it can be delayed in patients with typi-
cal UC. Magnetic resonance imaging is an 
accurate radiation-free test useful to ascertain 
the extent and the degree of the disease. In 
order to better evaluate the lumen, distention of 
intestinal loops may be produced by polyethyl-
ene glycol solution administration, given by 
mouth or by nasogastric tube. Ultrasound may 
also be useful in IBD evaluation because it is a 
noninvasive, low-cost, widespread available 
tool. However interobserver variability is very 
high. Small intestine contrast US, consisting 
in using of an oral anechoic  contrast, increases 

  Fig. 23.1    Typical endoscopic fi ndings of ulcerative coli-
tis characterized by friability of colonic mucosa and the 
presence of erosions and minute ulcers       
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its sensitivity and reduces interobserver 
variability. 

 Alternative methodologies in the assessment 
of small bowel disease are capsule endoscopy 
(CE) and balloon-assisted enteroscopy (BAE). 
The fi rst is a high-sensitivity and well-tolerated 
tool, although it does not consent to take biop-
sies, and has a high number of false-positive fea-
tures. If stricture is suspected, patency capsule 
should precede CE, because of the risk of reten-
tion. BAE may be very useful in small bowel 
evaluation, because of the possibility to biopsies 
taken. However, it is indicated in selected cases. 
Radiological tools, such as plain abdominal 
radiograph and abdominal/pelvic CT scans, may 
be useful to detect UC complications, like toxic 
megacolon and perforation [ 3 ].   

23.1.6     Management 

 Management of children with UC consists not only 
in inducing and maintaining remission; consider-
ing that chronic diseases infl uence growth and psy-
chological aspects of children, in this population, it 
is necessary to optimize growth and to ensure 
pubertal development and physiologic well-being. 
Treatment options depend on the extent and sever-
ity of disease. Medical treatment should be pro-
posed fi rst. Surgery should be reserved to patients 
with severe and/or refractory disease or with seri-
ous pharmacological side effects. 

23.1.6.1     Mild-to-Moderate Colitis 
 The fi rst-line therapy in children with mild-to- 
moderate colitis is oral aminosalicylates, which 
can be combined with topical aminosalicylates to 
increase remission rate, if tolerated. 
Aminosalicylates are used in induction and main-
tenance treatment of UC. The aminosalicylates of 
choice are mesalazine and sulfasalazine. Their 
effectiveness is quite similar, but sulfasalazine is 
considered superior to mesalazine in patients 
with associated arthropathy, although dose- 
dependent adverse events (headaches, nausea, 
and fatigue) are more frequent. Oral mesalazine 
dosage for pediatric population is 60–80 mg/kg/
day in one or two daily doses with a maximal 

dose of 4, 8 g/daily. Rectal mesalazine is dosed 
25 mg/kg up to 1 g once daily. Sulfasalazine is 
dosed 40–70 mg/kg/day in one or two daily doses 
up to 4 g/day. To minimize side effects, sulfasala-
zine may be started at a dose of 10–20 mg/kg/day 
with a gradual dose increase over a 2-week 
period. In addition, sulfasalazine impairs folic 
acid absorption, so its supplementation is recom-
mended to prevent anemia. Maintenance dose of 
mesalazine is the same as used for induction ther-
apy. Because of their safety profi le, they could be 
continued indefi nitely. Dosage may be reduced 
after a long period of complete remission. Serious 
side effects are uncommon, and they usually 
resolve when the medication is stopped. Acute 
intolerance to aminosalicylates may mimic a 
fl are of colitis, and it precludes any further usage 
of that drug. Patient’s response to medication 
may be evaluated 2 weeks after onset of therapy. 
If no response is seen then, rectal therapy (if not 
started already) or oral steroids should be offered.  

23.1.6.2     Proctitis/Left-Sided Colitis 
 Left-sided colitis and proctitis are usually man-
aged with topical mesalazine or topical steroids. 
Mesalazine is available as enema and supposito-
ries. They can be used for induction and mainte-
nance remission. Suppositories are useful for 
proctitis, while left-sided colitis is treated with 
enemas, as long as they can reach the left colon. 
Corticosteroids enema or suppositories are useful 
for induction therapy, but prolonged treatment 
may cause systemic side effects. Often, oral ami-
nosalicylates are added to the topical therapy in 
patients with moderate left-sided colitis.  

23.1.6.3     Moderate Colitis 
 Oral steroids are useful in inducing remission in 
pediatric patient with moderate colitis and sys-
temic symptoms. Because of their well-known 
side effects (e.g., weight gain, fl uid retention, 
growth retardation, mood disorders, osteopenia, 
aseptic necrosis, glaucoma, cataracts), corticoste-
roids should be tapered shortly after remission is 
achieved. Standard corticosteroids therapy 
involves oral prednisone or prednisolone, which 
are dosed 1 mg/kg up to 60 mg/day once daily. 
Beclomethasone dipropionate is an alternative 

23 Infl ammatory Bowel Disease



316

steroid that may be used orally or rectally in 
mild-to-moderate colitis, with fewer systemic 
steroids side effects.  

23.1.6.4     Severe Colitis 
 Severe acute colitis is a potentially life- threatening 
condition, defi ned by PUCAI greater than 65. It 
requires hospitalization for further evaluation and 
management. Assessment of vital sign and key 
blood test evaluation are essential. Stool samples 
should be collected for culture and  Clostridium 
diffi cile  toxin detection. Severe UC fi rst-line 
 therapy is intravenous corticosteroids. 
Methylprednisolone is dosed 1–1.5 mg/kg/day up 
to 60 mg/day in one or two doses daily. In addi-
tion, supportive treatment may be required: fl uid 
rehydration, correction of electrolytes imbalance, 
blood transfusion, and albumin infusion. PUCAI 
score should be evaluated daily. A score of greater 
than 45 on day 3 of admission is predictive of lack 
of response to corticosteroids. A score of greater 
than 70 on day 5 guided the start of rescue ther-
apy. There is no agreement about intravenous cor-
ticosteroid therapy duration; 7–14 days of therapy 
are usually enough to obtain a good clinical 
response. Recently, a consensus statement for 
managing acute severe ulcerative colitis in chil-
dren from ECCO, ESPGHAN, and the Porto IBD 
Group of ESPGHAN has been published. Key 
points of this document are the following:

    1.    Stool evaluation should include standard cul-
ture and specifi c screening for  C. diffi cile .   

   2.    In children with steroid-resistant disease, 
CMV infection should be excluded 
endoscopically.   

   3.    Disease activity should be monitored fre-
quently during admission, with regular 
assessment of vital signs, daily PUCAI score 
evaluation, and monitoring of key blood tests 
(ESR, full blood count, albumin, and electro-
lytes) at admission and at subsequent 
intervals.   

   4.    First-line therapy is intravenous corticoste-
roids with methylprednisolone.   

   5.    Antibiotics are not recommended routinely but 
should be considered when infection is sus-
pected or when toxic megacolon is present.   

   6.    There is no evidence for the routine use of 
prophylactic heparin to prevent thromboem-
bolic events.   

   7.    Aminosalicylate therapies should be inter-
rupted at admission, and in naive patients, its 
introduction should be delayed.   

   8.    Regular diet should be continued. If oral 
intake seems inadequate, nutritional support 
(enteral or parenteral) should be considered. 
Oral intake should be ceased when surgery 
appears imminent and it is contraindicated in 
toxic megacolon.   

   9.    Children with increasing or severe abdomi-
nal pain should be investigated for complica-
tion onset, such as perforation or toxic 
megacolon. Narcotics or nonsteroidal anti- 
infl ammatory drugs are not recommended in 
the setting of acute severe colitis.   

   10.    PUCAI scores can be used to monitor 
response and the need for secondary therapy. 
A score greater than 45 points at day 3 indi-
cates poor response to corticosteroids and a 
need to prepare for rescue therapy. A score 
greater than 65 on day 5 indicates a need to a 
rapid switch to rescue therapy. If PUCAI 
scores is between 35 and 60 at day 5, steroids 
can be continued for a further 2–5 days 
before secondary therapy should be consid-
ered. Children with scores of less than 35 
points on day 5 are unlikely to require rescue 
therapy.   

   11.    Plain radiographs of the abdomen should be 
obtained in any child with clinical signs of 
toxicity and subsequently as indicated. The 
diagnostic criteria for toxic megacolon con-
sist of radiological evidence of transverse 
colonic dilatation (≥56 mm) along with sys-
temic signs. In children less than 10 years 
old, a radiological evidence of transverse 
colonic dilatation greater than 40 mm with 
signs of systemic toxicity is suffi cient to 
diagnose a toxic megacolon. Urgent surgical 
consultation is required in all children with 
toxic megacolon. If the child has stable vital 
signs and there are no signs of sepsis, conser-
vative management may be appropriate. If 
signs of toxicity worsen or they do not 
resolve within 48–72 h, immediate colec-
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tomy should be performed. Rescue medical 
therapies are not indicated in the setting of 
toxic megacolon.   

   12.    Rescue therapies include medical (infl ix-
imab or calcineurin inhibitors) and surgical 
(colectomy) options.   

   13.    Sequential medical rescue therapy is not rec-
ommended in children.   

   14.    If colectomy is required in acute severe coli-
tis in children, subtotal colectomy and ileos-
tomy is recommended. Pouch formation can 
subsequently be considered.   

   15.    Surgical complications can be reduced by 
avoiding delays in colectomy, improving 
nutrition, and using perioperative broad- 
spectrum antibiotic coverage. Preoperative 
steroid administration is related to an 
increased risk of anastomotic leak and infec-
tious complications, although surgery should 
not be delayed to taper steroids.    

23.1.6.5       Salvage Therapy 
 A second-line medical therapy is usually pre-
ferred than surgery in children. However, colec-
tomy may be required in several circumstances, 
such as patients with severe colitis unresponsive 
to medical therapy, patients with complications 
(toxic megacolon and/or perforation), and if pre-
cancerous lesions are identifi ed. Colectomy 
could be discouraged in children younger than 5 
years old, in whom it could be diffi cult to distin-
guish between UC and CD. 

 The most common medical rescue therapy in 
steroid-refractory acute severe UC is calcineurin 
inhibitors (cyclosporine, tacrolimus) and biolog-
ical agents (infl iximab, adalimumab). Several 
studies reported a high rate of short-term suc-
cess, though there is a low rate of long-term suc-
cess of calcineurin inhibitors. Because of its 
long-term renal toxicity, cyclosporine should 
only be administered as a “bridge” to thiopurine 
treatment (azathioprine), which is typically 
effective after 3–4 months. Although not struc-
turally related to cyclosporine, tacrolimus has a 
similar mechanism of action and effi cacy, though 
there is a more tolerable side effect profi le. 
Calcineurin inhibitors may also be used as a ste-
roid-sparing “bridge” to surgery. There aren’t 

any  comparative prospective trials between 
cyclosporine and infl iximab in children. 
Infl iximab is a monoclonal antibody to tumor 
necrosis factor-alpha. The recommended dose is 
5 mg/kg at 0.2 and 6 weeks, followed by mainte-
nance therapy every 8 weeks. Unlike cyclospo-
rine, infl iximab can be continued as long-term 
maintenance therapy. Infl iximab seems to be 
more effective in obtaining mucosal healing than 
immunomodulators. Combination therapy with 
infl iximab and azathioprine should be discour-
aged because of the potential risk or lymphoma, 
even if combination therapy has reported a good 
response in many adult studies. 

 Adalimumab is a fully human monoclonal 
antibody to tumor necrosis factor-alpha. 
Extrapolating from the adult literature and pedi-
atric case series, adalimumab should be started at 
100 mg/m 2  up to 160 mg, followed by 50 mg/m 2  
up to 80 mg after 2 weeks and then 25 mg/m 2  up 
to 40 mg every other week; dose individualiza-
tion may be needed. It is generally used in chil-
dren who either fail to tolerate or become 
intolerant to infl iximab. Adalimumab is an effec-
tive and safe treatment that should be considered 
as the rescue treatment before colectomy in chil-
dren [ 1 ,  4 – 7 ].   

23.1.7     Surgical Management of UC 

 Although the primary therapy of ulcerative colitis 
is medical, surgery may be required in patient 
who develops severe complications or becomes 
refractory to medical therapy. 

  Indications for urgent surger y:

•    Massive colorectal bleeding: uncontrolled, 
life-threatening hemorrhage occurs in a small 
portion of patient, but it requires immediate 
surgery.  

•   Toxic megacolon, which is characterized by 
systemic toxicity and segmental or total 
colonic dilatation.  

•   Perforation: this complication is rare but these 
patients require colectomy.  

•   Severe colitis, which has failed to respond to 
aggressive medical therapy within 2 weeks.    
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  Indications for elective surgery :

•    Unresponsive patients: patients who do not 
respond to medical therapy or cannot be 
weaned from glucocorticoids or immunomod-
ulatory therapy should be offered a surgical 
option.  

•   Side effects: when medical therapy infl uences 
the physiologic development (growth failure 
from steroids), this constitutes an indication to 
colectomy.  

•   Cancer risk: bioptic fi ndings at risk for cancer 
require colectomy [ 4 ,  7 ].    

23.1.7.1     Technique 
 The gold standard technique is  ileal pouch-anal 
anastomosis  ( IPAA ) fi rstly described in 1978 by 
Parks and Nicholls [ 8 ]. It consists of colectomy 
and rectal mucosectomy with an endorectal ileo-
anal pull-through, creation of a distal reservoir 
and ileorectal anastomosis (Fig.  23.2 ). If urgent 
surgery is required, the treatment of choice is to 
perform a colectomy and ileostomy leaving a rec-
tal stump.

   IPAA can be performed in one, two, or three 
stages:

•    One-stage IPAA: following the proctocolec-
tomy, an ileal pouch is anastomosed to the 
anus. Single-stage surgery is feasible, but it 
seems to be associated to a higher risk of 
major complication such as anastomotic 
dehiscence and late pouch failure [ 9 ].  

•   Two-stage IPAA: following the proctocolec-
tomy and the ileal pouch-anal anastomosis, a 
loop ileostomy is made to protect to lower 
anastomosis from the fecal stream. The ileos-
tomy is reversed in a second procedure.  

•   Three-stage IPAA: during the fi rst stage, a col-
ectomy and ileostomy are performed leaving a 
rectal stump. During the second procedure, 
the proctectomy is completed, and ileal pouch- 
anal anastomosis is performed leaving a loop 
ileostomy which is reversed during a third 
procedure.    

 Total  abdominal colectomy with ileorectal 
anastomosis  is another applicable technique 

(Fig.  23.3 ). It consists of colonic removal and 
ileal anastomosis to the rectum. The rectum 
serves as native reservoir ensuring continence but 
local disease persists. Eligible patients for this 
technique are those who are not suitable for IPAA 
but refuse a permanent ileostomy, patients with 
indeterminate colitis in whom Crohn’s disease 
cannot be excluded, and young women who 
desire preservation of fecundity [ 10 ]. In fact 
some authors reported improved fertility in ileo-
rectal anastomosis, thus avoiding pelvic adhe-
sions. This advantage has to be balanced with the 
need for endoscopic surveillance and a possible 
failure of medical control of the residual disease.

    Laparoscopic IPAA  is increasingly being 
performed in adults, while the application of 
this technique to pediatric practice has been 
slower. Laparoscopic approach offers advan-
tages in terms of wound infection, intra-abdom-
inal abscess, length of stay, and reduced 
incidence of small bowel obstruction at 1-year 
follow-up [ 11 ,  12 ].  

23.1.7.2     Complications 
 The major complication of IPAA is infl ammation 
of the pouch (pouchitis). Main symptoms are 
diarrhea, rectal bleeding, abdominal pain, and 
malaise. Therapy is based on broad-spectrum 
antibiotics or glucocorticoid enemas. Other long- 
term complications are incontinence and a reduc-
tion in fertility in females.    

23.2     Crohn’s Disease 

23.2.1     Introduction 

 The incidence of CD in children is increasing 
worldwide, ranging from 2.5 to 11.4 per 100,000, 
with an estimated prevalence of 58/100,000 
which is rising in both developed and developing 
countries. The cause of CD is still poorly under-
stood, but evidence demonstrated that the disease 
is based on abnormal response to the intestinal 
microbiota in a genetically susceptible host; in 
particular in pediatric-onset CD, the genetic com-
ponent is more dominant, and therefore recur-
rence within the family is more prevalent than in 
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adults. Some features are typical of pediatric age; 
pediatric CD is more often extensive; is associ-
ated with a more aggressive disease course, 
including a greater propensity for disease exten-
sion and early use of immunomodulators; pres-
ents various phenotypes; and is infl uenced by 
nutritional treatment. The cumulative risk of pro-
gression to complicated CD (i.e., fi stulizing or 
stricturing disease) is similar to adults, but chil-
dren are more likely to have undergone surgery 
by young adulthood [ 13 – 15 ].  

23.2.2     Epidemiology 

 In the last years, CD has shown an increase of 
incidence, which determinates an increase in the 
overall mean annual incidence of pediatric 
IBD. CD highest rates occur in Western and 
Northern countries, with a decreasing gradient 
from North to South and from West to East. In 
Europe data suggest a mean annual incidence 
rate of 2.6 for pediatric CD. US studies reported 
a prevalence of 43/100,000. Factors contributing 

to the increase of CD could be a greater case of 
diagnosis, the widening case defi nition, earlier 
onset, and a greater access to medical care asso-
ciated to a real increase in the number of affected 
children. CD is more frequent than UC in child-
hood with a male predominance. In pediatric CD, 
most patients have an extensive disease, ileoco-
lonic or colonic, and also an upper gastrointesti-
nal involvement. Pediatric CD usually presents as 
an infl ammatory or nonstricturing, nonpenetrat-
ing disease, although complicated disease is 
fairly unusual at presentation [ 2 ].  

23.2.3     Etiopathogenesis 

 In genetically predisposed children, an interac-
tion between luminal contents and the mucosa 
leads to a dysregulated infl ammation, which is 
the most recognized mechanism of pediatric 
CD. Different microorganisms are studied to 
fi nd the pathogen of CD; strains of adherent-
invasive  E. coli  have been described both in 
adults and in children with CD. However no data 

  Fig. 23.2    After total colectomy and ileal pouch are performed, circular staple is used to perform ileoanal anastomosis 
( a ,  b ). At the end of the procedure, no rectal mucosa should be present ( c )       
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support the role of any microorganisms as the 
causative pathogen of CD. Genetics has an 
important role in CD pathogenesis; monozygotic 
twins show a phenotype concordance of 50–70 % 
in CD patients, with an increased risk (800-fold) 
compared to general population. Several suscep-

tibility genes are discovered: variants of NOD2, 
IL23 receptor, ATG16L1, and IRGM and muta-
tions of IL10RA, and IL10RB. NOD2 gene 
defect has an impaired ability to recognize and 
process bacterial products, a condition which 
could determinate an abnormal immune 

a

c d

b

  Fig. 23.3    Colectomy can be performed with a video- 
assisted technique exteriorizing the colon through the 
umbilical wound during a fi st surgical stage ( a ); when 

intestinal recanalization has to be done, the ileostomy site 
can be used to free intestinal loop laparoscopically ( b ,  c ) 
and fi nally perform an ileorectal anastomosis ( d )       
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response. ATG16L1 and IRGM gene defect have 
an impaired ability to process cell degradation 
products and so a disability to eliminate pro-
infl ammatory factors. Impaired IL10 signaling is 
associated to a very early-onset CD, an aggres-
sive treatment-resistant CD colitis with perianal 
involvement.  

23.2.4     Clinical Presentation 

 Crohn’s disease is a chronic, relapsing, infl am-
matory disorder which could develop in any part 
of the gastrointestinal tract. A percentage of 60 % 
of children with CD have an extensive ileoco-
lonic involvement and 20–30 % an isolated 
colonic involvement. Terminal ileum is the most 
common affected area. Classical symptoms and 
signs are abdominal pain, diarrhea, weight loss, 
fever, and failure to thrive. Defi cit or delay in 
sexual development could be present and could 
be the main presentation of the disease; thus, par-
ticular attention should be given to these symp-
toms. Growth failure has been reported in up to 
40 % of children with CD and comes from sev-
eral factors as malnutrition, increased gastroin-
testinal loses, malabsorption, and medical effects. 
Infl ammation could have a negative effect upon 
some linear growth, contributing to growth retar-
dation. Maintaining adequate nutrition, minimiz-
ing infl ammation, and maximizing 
corticosteroid-free treatment are goals to achieve 
in the management of the disease.  

23.2.5     Diagnosis 

 A defi nite diagnosis is not found by a single spe-
cifi c test, but results from the association of sev-
eral factors, such as family and personal history, 
physical examination, laboratory test, imaging, 
and endoscopic studies. Infectious diseases 
( Salmonella ,  Yersinia ,  Shigella ,  E. coli ) and vas-
culitides such as Henoch-Schonlein purpura and 
hemolytic-uremic syndrome should be excluded. 
Several conditions such as intestinal lymphoma 
could mimic CD, and this entity should be care-
fully carried out [ 14 ]. 

23.2.5.1     Serologic Test 
 These tests are the fi rst line in the diagnosis of 
CD in children. Particular attention should be 
given to the acute reactants, C-reactive protein, 
whose levels correlate with clinical, endoscopic, 
and histologic disease activity. Studies demon-
strate the potential role of  Saccharomyces cerevi-
siae  antibodies (ASCA) and perinuclear 
antineutrophil cytoplasmic autoantibodies 
(p-ANCA) as marker of IBD. In particular 
CD-positive ASCA counts correlated to younger 
at onset, ileal disease, aggressive behavior, and 
increased risk of early surgery. 

  Pseudomonas fl uorescens -related protein was 
related to stenotizing IBD and necessity of sur-
gery, and anti- E. coli  outer membrane porin C 
has been associated to penetrating disease. Both 
the presence and the grade of immune response 
were correlated with more aggressive disease.  

23.2.5.2     Fecal Markers 
 Calprotectin is a noninvasive test for the diagno-
sis and monitoring of activity of IBD. Calprotectin 
is a calcium-binding protein found in the feces, 
which could be quickly quantifi ed by an enzyme- 
linked immunosorbent assay (ELISA). On the 
basis of the stability of the protein in stool 
 specimens, the patient could simply collect a 
specimen at home without particular precautions. 
This  protein is particularly useful to confi rm tis-
sue healing and predict disease relapses. Studies 
demonstrate a sensitivity of 89–90 % and speci-
fi city of 82–83 % for predicting disease relapse.  

23.2.5.3     Imaging 
 Children affected by CD require frequent evalua-
tions during follow-up, so radiation-free imaging 
test is an important alternative to endoscopy. 
Magnetic resonance (MR), ultrasound (US), and 
computed tomography (CT) could be the choice 
to defi ne activity and complications of the dis-
ease. CT exposes the children to a large dose of 
radiation, so other techniques are preferable. MR 
with oral contrast (MRE) determinates a luminal 
distension which permits a better visualization of 
bowel wall and regularity associated to a detailed 
assessment of perianal disease. MRE is the 
 imaging study of choice in IBD diagnosis and 
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follow- up in children. Abdominal US presents 
safety profi le and low costs and permits high-
resolution images with recent advances. A small 
intestine contrast ultrasonography (SICUS) is a 
technique performed after the administration of 
an oral contrast, which permits to visualize and 
assess the entire small bowel with higher sensi-
tivity and specifi city of standard US [ 3 ].  

23.2.5.4     Endoscopy 
 Ileocolonoscopy (IC) and esophagogastroduode-
noscopy (EGD) should be recommended as the 
initial work-up for patients with suspected 
CD. Endoscopic features in CD are present 
throughout the entire GI tract. Endoscopic lesions 
in CD are discontinuous and segmental; frequent 
are deep serpiginous ulcers (Fig.  23.4 ) and cob-
blestoning. These exams are also useful in stag-
ing the severity of the disease and monitoring the 
response to therapies, to evaluate postoperative 
recurrence and to treat strictures. In selected 
patients, endoscopic dilation (Fig.  23.5 ) is a safe 
and effective alternative to surgery for the man-
agement of strictures and should be considered 
before surgery in short anastomotic strictures 
(<4 cm). Multiple biopsies should be executed in 
all areas of gastrointestinal tract, even in the 
absence of macroscopic lesions. Histologic fea-
tures in CD are focal crypt distortion, ulcers, 
mucin depletion, focal cryptitis, focal lympho-
plasmacellular infi ltration of the lamina propria, 
granulation tissue-like infl ammation, and epithe-
lioid granulomas.

    Small bowel capsule endoscopy (CE) permits 
the study of small bowel lesions without the use 
of radiation. Advantages of this technique are the 
capacity to study the entire small bowel, simple 
preparation, and better tolerance by the children. 
Disadvantages are the incapacity of performing 
biopsies, no way to guide the capsule, obscured 
visualization due to luminal bubbles or debris, or 
delayed intestinal transit resulting in an inaccu-
rate exam. CE is contraindicated in patients with 
strictures because of the risk of capsule retention. 
If stricture is suspected, patency capsule should 
precede CE. Balloon-assisted enteroscopy (BAE) 
is indicated in selected cases where biopsies and 
therapeutic procedures (i.e., stricture dilation) or 
CE retrieval are needed [ 1 ].   

23.2.6     Therapy 

 Treatment of pediatric CD is fi nalized to achieve 
and maintain a stable remission with the mini-
mum grade possible of drug toxicity. So the pri-
mary aim of CD therapy is to prevent relapses, to 
preserve growth and pubertal development, and 
to assure a good quality of life. Conventional 
therapy is based on the shift from drugs with a 
better safety profi le but lower effi cacy (mesala-
zine, sulfasalazine, antibiotics) to those with 

  Fig. 23.4    Deep serpiginous ulcer of the terminal ileum       
  Fig. 23.5    Endoscopic balloon dilation of a short anasto-
motic stricture       
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improved effi cacy but a greater risk of side effects 
(steroids, immunomodulators, biologicals, sur-
gery). This “step-up” approach determinates sev-
eral advantages as reserving more toxic drugs for 
“particularly resistant” patients [ 16 ,  17 ]. 

23.2.6.1     Conventional Therapy 
 Aminosalicylates are frequently used in the man-
agement of pediatric CD, although no random-
ized controlled studies were performed to 
evaluate the effi cacy of these drugs in determin-
ing and maintaining the remission in children. No 
data support the use of this drug in ileal CD. 

 Corticosteroids are used to induce remission 
in moderate-to-severe CD. This drug is usually 
quickly weaned after the induction, on the basis 
of its understood adverse affects. Particular atten-
tion should be given to budesonide, an oral ste-
roid preparation that is released in the distal 
ileum and proximal colon. This drug should be 
considered in patients with mild-to-moderate dis-
ease of those segments. Budesonide presents less 
systemic effect than other steroids, but quick 
withdrawal could determine adrenal 
insuffi ciency.  

23.2.6.2     Immunomodulators 
(Azathioprine, 
6-Mercaptopurine, 
Methotrexate) 

 Thiopurines are usually used in maintenance 
therapy of pediatric CD. Their effi cacy is shown 
in several studies in maintenance of remission in 
CD. These drugs are not used for induction of 
remission on the basis of their slow onset of 
action (2–3 months). The remission usually can 
be achieved 1 year after the beginning therapy. 
Methotrexate is often regarded as a second-line 
treatment in CD patient not responding or intol-
erant to thiopurines.  

23.2.6.3     Biological Agents 
 Infl iximab, a chimeric monoclonal anti-TNF 
IgG1 antibody, has been introduced since 15 
years ago in the management of pediatric IBD 
and is given intravenously. This drug has an 
important role in both inducing and maintaining 
remission in pediatric CD. The major effects of 

the use of infl iximab are to induce mucosa heal-
ing and to reduce the necessity of corticosteroid, 
the hospitalization, and the surgery. It could also 
be used in cases with perianal involvement. 
Induction dose is 5 mg/kg at 0, 2, and 6 weeks, 
followed by 5 mg/kg maintenance infusion every 
8 weeks. This program determinates a remission 
rate of 60 % at week 30 and of 56 % at week 54. 
The risk of using this drug is the development of 
opportunistic infections or a particular type of 
lymphoma, hepatosplenic T-cell lymphoma 
(HSTCL), which affects particularly the young 
male patients. 

 Adalimumab is a humanized anti-TNF-α drug 
effective both in induction and maintenance of 
remission for children with CD. It is useful in 
particular in patients intolerant or unresponsive 
to infl iximab.  

23.2.6.4     Nutrition 
 Exclusive enteral nutrition (EEN) is used as a 
treatment to reach remission in children with 
acute CD. Nutritional therapy is based on the use 
of several products, such as elemental, semi- 
elemental, and polymeric formulas, as fi rst treat-
ment to achieve and maintain remission in CD, to 
improve growth, and to replenish micronutrient 
defi ciency. Evidence of nutritional therapy as the 
fi rst-line treatment is controversial. The most fre-
quent theory, about its mechanism of action, is 
that the microbiota of the gut lumen changed 
under the use of enteral nutrition; the reduction in 
antigenic load associated to EEN could also 
 contribute to bowel rest. However, the major lim-
itation of EEN is the poor compliance; most par-
ents are reluctant to commit their children to total 
enteral nutrition for 5–8 weeks as required, and 
few children are able to consume an adequate 
volume of formula by mouth, thus requiring the 
insertion of a nasogastric tube.   

23.2.7     Surgical Management of CD 

 Surgery in Crohn’s disease is reserved to those 
patients who do not respond to medical therapy, 
have a failure of growth, or develop complica-
tions such as fi stulas, abscess, strictures, 
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 bleeding, obstruction, and perforation. Although 
surgery cannot cure defi nitively CD and therapy 
is primarily medical, approximately 80 % of 
patients will need surgery during their clinical 
course [ 18 ]. 

 The aim of surgery is to restore health and 
improve quality of life resecting as little bowel as 
possible since a large part of patients will have 
recurrence after intestinal resection. 

 Treatment of left-sided colitis continues to be 
debated as it has been shown to relapse early fol-
lowing segmental resection or develop compli-
cations. Despite this, segmental resection 
continues to be advocated, citing preservation of 
anorectal function and decreased postoperative 
symptoms [ 19 ].  

 Laparoscopy can offer benefi ts also in pediat-
ric patients with CD. The main advantages 
include faster postoperative recovery, decreased 
risk of wound-related complications, formation 
of fewer intra-abdominal adhesions, and better 
cosmesis [ 20 ]. 

23.2.7.1     Anastomotic Technique 
 After segmental resection, anastomosis can be 
performed with different techniques: end to 
end or side to side and handsewn or stapled. 
It’s diffi cult to desume the best choice from the 
literature data. Simillis et al. concluded that 
side-to-side anastomosis is associated to a less 
postoperative complications rate, while an ear-
lier meta- analysis did not show difference 
between the two techniques. Stapled anasto-
mosis seems to be safer, but familiarity with 
this technique is mandatory to reduce compli-
cations [ 21 ,  22 ].  

23.2.7.2     Strictureplasty 
 Strictureplasty can be performed associated or 
not to segmental resection. The technique fol-
lows the Heineke-Mikulicz principle and involves 
creation of a longitudinal incision through the 
narrowed area while closing transversely, which 
widens the lumen. 

 Strictureplasty offers good results in chronic 
stenosis avoiding extensive resections but 
should not be performed in acutely infl amed 
bowel.  

23.2.7.3     Abdominal Abscess 
 Abdominal abscess should be treated with sys-
temic antibiotic and percutaneous drainage that 
promote healing and should be used for >2 cm 
abscess [ 23 ]. The drainage is left in place till the 
outlet becomes <10 ml/day. Antibiotics against 
both nosocomial and community-acquired organ-
isms are empirically selected till an antibiogram 
is obtained and subsequently adapted to the sen-
sitivity of cultured organisms. 

 Patients with persistent or recurrent abscesses 
will have benefi t from surgical drainage and 
resection of the affected tract.  

23.2.7.4     Intra-abdominal Fistulas 
 The aim of surgery is to interrupt fi stula and resect 
the affected tract obtaining macroscopically free 
margins. The resection should be aimed at saving 
as bowel as possible considering that loss of 
colonic length is less dire than loss of small bowel.  

23.2.7.5     Perianal Disease 
 Perianal disease is characterized by the onset of 
perianal abscesses and fi stulas. The principles of 
the management are a prompt identifi cation and 
drainage of the septic focus, an appropriate medi-
cal therapy, and a conservative surgery if neces-
sary. The most recommended surgical approach 
is the placement of a seton after drainage of puru-
lent collections. Perianal setons promote drain-
age, prevent abscess recurrence, and provide pain 
relief but keep the fi stula open until seton is 
removed. On the other hand, the impaired wound 
healing of patients affected by CD makes exten-
sive perianal surgery quite hazardous. Fistulotomy 
can be performed in well medical-controlled 
patients with extra-sphincteric or short low inter- 
sphincteric fi stula tracks.       
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      Anorectal Malformations                     

     Tommaso     Gargano      and     Mario     Lima    

24.1          Introduction 

 Anorectal malformations (ARMs) are rare 
birth defects of the digestive system affecting 
2–6 per 10.000 births worldwide with an esti-
mated prevalence rate of 3 per 10.000 births in 
Europe. They are more common among Asians 
and are somewhat more common in boys 
(60 %) than in girls. Male patients tend to have 
more severe malformations than female ones 
[ 1 ]. ARMs are the result of an abnormal devel-
opment of the distal end of the digestive tract 
interesting the anus and/or rectum that occur 
early between the sixth and tenth week of 
embryonic development. They carry a malfor-
mation spectrum of severity depending on the 
level of disruption of the anorectal canal and of 
the associated caudal malformations (sacrum 
and spine). In most ARMs, the anus is not per-
forated, and the distal enteric component may 
end blindly (atresia) (Fig.  24.1 ) or as a fi stula 
into the urinary tract, genital tract, or perineum 
(Figs.  24.2  and  24.3 ) [ 2 ].

24.2          History 

 ARM or imperforate anus has been a well-known 
condition since antiquity. For many centuries, 
physicians created an orifi ce in the perineum of 
children with imperforate anus. Those that sur-
vived most likely suffered from a type of defect 
that would now be recognized as “low.” Those 
with a “high” defect did not survive that treat-
ment. Amussat, in 1835, was the fi rst individual 
who sutured the rectal wall to the skin edges, 
which could be considered the fi rst anoplasty. 
During the fi rst 60 years of the twentieth century, 
surgeons performed a perineal operation without 
a colostomy for the so-called low malformations. 
High imperforate anus was usually treated with a 
colostomy performed in the newborn period, fol-
lowed by an abdominoperineal pull-through 
some time later in life, but surgeons lacked objec-
tive anatomic guidelines. Unfortunately this left 
many patients incontinent and was not an appro-
priate solution to the spectrum of malformations. 
The surgical approach to repairing these defects 
changed dramatically in 1980 with the introduc-
tion of the posterior sagittal approach, which 
allowed surgeons to view the anatomy of these 
defects clearly, to repair them under direct vision, 
and to learn about the complex anatomic arrange-
ment of the junction of the rectum and genitouri-
nary tract. It has become the predominant surgical 
method for anorectal anomalies. In cases when 
the rectum or the vagina is very high and an 
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abdominal approach as well is needed, 
 laparoscopy can be used in combination with the 
posterior sagittal approach [ 3 ].  

24.3     Embryology 

 The early embryologic development of the ano-
rectum, the primitive urogenital sinus, and the 
caudal neural tube is closely related, which helps 
explain the associated malformations of these 
three systems. In early embryonic life, the distal 
portion of the hindgut, the primitive cloaca, is 
divided into dorsal and ventral parts by a coronal 
sheet of the mesenchyme, the urorectal septum, 
and separated from the amniotic cavity by the 
cloacal membrane. Most ARMs result from 
abnormal development of the urorectal septum. 
Between weeks 4 and 6 of gestation, both the 
yolk sac or primitive hindgut and the allantois or 
primitive urogenital sinus enter into the cloaca. 
The urorectal septum then develops forklike 
infoldings (Tourneux and Rathke folds) of the 
lateral cloacal walls; at the same time, the embryo 
starts to curve as a result of the longitudinal 
growth of the developing neural tube and the 
mesodermal compartment. With these morpho-
logic changes, the distance between the cloacal 
membrane and the tip of the urorectal septum is 
progressively reduced. At the end of week 7, the 
urorectal septum and the cloacal membrane are 
located at the same level. The cloaca is thus 
divided into a ventral part (the urogenital sinus) 
and a dorsal part (the rectum and proximal anal 
canal). Between them, the tip of the urorectal 
septum becomes the perineal area. At this time, 
the cloacal membrane ruptures by apoptosis, thus 
opening two orifi ces in the perineum: one ventral 
or urogenital and one dorsal or anal. Also at the 
end of week 7, a secondary occlusion of the ano-
rectal canal takes place, initially by adhesion of 
the walls and later by formation of an epithelial 
“plug” at the anal level. This secondary closed 
anal orifi ce will rupture and recanalize by apop-
tosis at the end of week 8. Embryologically, 
ARMs can thus be subdivided into two main 
groups according to when the disturbances occur: 
those manifesting as an ectopic anal orifi ce or 

  Fig. 24.1    Imperforate anus       

F

  Fig. 24.2    Perineal (cutaneous) fi stula in male       

F

  Fig. 24.3    Perineal (cutaneous) fi stula in female       
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 fi stula are due to early abnormal development of 
the dorsal part of the cloaca and the cloacal mem-
brane (at weeks 4–7), whereas those manifesting 
as an abnormal anus in a normal position are due 
to later defective recanalization of the secondary 
occluded anal orifi ce (at weeks 7 and 8) [ 4 ].  

24.4     General Considerations 

 ARMs are found as isolated congenital birth 
defects, as part of a syndrome or associated with 
other anomalies. Associated anomalies have been 
reported to occur in approximately 45–65 % of 
the patients, mostly of the urogenital tract, cen-
tral nervous system, skeletal system (vertebrae), 
or the remaining gastrointestinal tract [ 1 ]. ARM 
has been reported to occur in families suggesting 
that there is a genetic component in its etiology. 
There appears to be a low rate of association in 
families, but some appear to have an autosomal 
dominant inheritance pattern. Consanguinity has 
been identifi ed as leading to a higher incidence of 
ARM, particularly in countries in the Gulf and 
Middle East regions. In addition, familial 
Currarino associations are well established, and 
family members have been shown to have sacral 
anomalies without the full syndrome. In a small 
number of patients, genetic factors are clearly 
associated with ARM. Previous studies have sug-
gested the importance of a locus on chromosome 
7q39, which includes three genes: SHH, EN2, 
and HLXB9. These include Towne-Brock syn-
drome, FG syndrome, Kaufman-McKusick syn-
drome, and Lowe syndrome. In addition, ARM 
has been described in association with trisomy 8 
mosaicism, as well as Down and fragile X syn-
dromes. Till date, the accurate embryologic 
defect causing anorectal malformations still 
remains undetermined. With recent researches in 
the pathogenesis of anorectal malformations, the 
previous theories have been discarded. While in 
the past, defects in lateral fusion were thought to 
be causative, there is evidence from animal mod-
els and from detailed study of human fetuses with 
major anomalies that a defi ciency in the dorsal 
component of the cloacal membrane and the 
adjacent dorsal cloaca is causative. A subsequent 

malfunction of the primitive streak and tail bud in 
the early development phase around 3–4 weeks 
has been proposed (yet to be clearly defi ned) as 
causation for associated anomalies of the pelvic 
fl oor [ 1 ,  5 ].  

24.5     Classifi cation 

 Based on the anatomy, various classifi cations 
have been proposed to defi ne the pathology of 
these anorectal anomalies. The earliest classifi ca-
tion dates back to 1953 when Gross proposed a 
simple differentiation based on the levator mus-
cle, i.e., supralevator, for those above the levator 
ani, or infralevator anomalies, for those below the 
levator ani [ 6 ]. 

 With advancement in the understanding of the 
pathology of the malformations, a need was felt 
to defi ne these lesions more appropriately. During 
the centenary of the Royal Children’s Hospital in 
Melbourne, a new international classifi cation was 
proposed in 1970. This classifi cation utilized the 
concept of levator ani wherein anomalies above 
the levator were termed as high and those below 
were termed as low anomalies, but it also intro-
duced intermediate anomalies which were known 
as translevator anomalies [ 7 ]. 

 The best known classifi cation of ARMs is the 
Wingspread classifi cation of 1984 (Wisconsin). 
This classifi cation distinguished between high, 
intermediate, and low anomalies in the male and 
female, with special groups established for cloa-
cal and rare malformations. High-type anorectal 
malformations were agenesis without fi stula in 
both sexes. The low-type malformations were 
classifi ed as anovestibular fi stula in the female 
and, in both sexes, as anocutaneous fi stula and 
anal stenosis. This classifi cation was widely 
accepted over the years and was based on detailed 
embryological and anatomic studies performed 
especially by Stephens et al. and Kelly on ana-
tomic sections and radiographic investigations. 
They recognized that the pubococcygeal line 
extending from the upper border of the os pubis 
to the os coccyx corresponds with the attachment 
of levator ani muscles to the pelvic wall, separat-
ing high-type malformations lying above the 
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levator muscle and intermediate and low forms of 
anorectal agenesis lying below this anatomic 
line. Furthermore, in healthy individuals, the 
lowest point of the ischial tuberosity, the so- 
called I-point, represents the deepest point of the 
funnel of the levator ani muscles. Therefore, 
every blind rectal pouch, lying between the pubo-
coccygeal line and the I-point, was classifi ed as 
an intermediate anomaly and could be treated by 
a posterior sagittal anorectoplasty (PSARP). Low 
lesions below the I-point could be easily man-
aged from a perineal approach. Because of these 
anatomic relations, the Wingspread classifi cation 
had a signifi cant impact on the choice of surgical 
approach. However, some details of the 
Wingspread classifi cation remained question-
able. Therefore, in 1995, Peña proposed a classi-
fi cation based on the type of the fi stula present. 
He distinguished between perineal, vestibular, 
bulbar, prostatic, and bladder neck fi stulas, 
imperforate anus without fi stula, vaginal fi stulas, 
cloacal fi stulas, and rectal atresia or stenosis 
(Table  24.1 ).

   This descriptive and fi stula-related grouping 
became widely accepted over the past decade. 
The advantage of the classifi cation of Peña is that 
the type of the fi stula provides information not 
only about localization of the blind pouch but 
also on the anticipated extent of mobilization of 
the atretic rectal segment necessary to perform a 
sacro- or abdominosacroperineal pull-through. It 
is important to remember that the course of the 
fi stula may vary from one individual to another 
and can be ascending or descending and of 
shorter or longer length so that the confl uence of 

the fi stula with the urogenital tract or perineum 
may differ from the lowest point of the blind 
pouch. This is especially true if the fi stula arises 
from a higher level of the blind-ending rectum 
and not from its lowermost point. Therefore, the 
classifi cation of Peña does not distinguish 
between rectovestibular and anovestibular fi stu-
las. By closely comparing both classifi cations, 
that is, the Wingspread classifi cation and the sug-
gestions of Peña, it becomes clear that there is no 
real contradiction between them. Perineal and 
vestibular fi stulas could be regarded as low mal-
formations, bulbar fi stulas, and imperforate anus 
without a fi stula, and most of the vaginal fi stulas 
may be regarded as intermediate-type anomalies, 
and prostatic and bladder neck fi stulas are con-
sidered high-type imperforate anus. The same is 
true for rectal agenesis or stenosis. In addition, 
rare/regional variants, despite being frequent in 
certain geographic areas of the world, are not 
alluded to in either classifi cations. More recently, 
the Krickenbeck Conference of 2005 established 
a new classifi cation, which is based mainly on the 
presence or absence of fi stulas and their type and 
location, as well as the position of the rectal 
pouch. It has gained overall popularity in the 
international community of pediatric surgeons. 
This classifi cation itself seemed a logical sequel 
to the Wingspread classifi cation. It distinguishes 
fi ve types of fi stulas: rectoperineal, rectovestibu-
lar, rectourethral bulbar, rectourethral prostatic, 
and rectovesical. Cloacal malformations and the 
absence of fi stulas, anal stenosis, and rare 
regional variants complete this classifi cation. The 
extremely rare rectovaginal fi stula is considered a 
variant of cloacal anomaly (Table  24.2 ) [ 4 ,  8 ].

   Table 24.1    Peña classifi cation   

 Males  Females 

 Perineal fi stula (cutaneous)  Perineal fi stula 
(cutaneous) 

 Rectourethral fi stula  Vestibular fi stula 
   Prostatic  Cloaca 
   Bulbar  Imperforate anus without 

fi stula 
 Rectovesical fi stula  Rectal atresia 
 Imperforate anus without 
fi stula 
 Rectal atresia 

   Table 24.2    Krickenbeck classifi cation   

 Major clinical groups  Rare/regional variants 

 Perineal (cutaneous) fi stula  Pouch colon 
 Rectourethral fi stula 
   Prostatic 
   Bulbar 

 Rectal atresia/stenosis 
 Rectovaginal fi stula 
 H fi stula 

 Rectovesical fi stula  Others 
 Vestibular fi stula 
 Cloaca 
 No fi stula 
 Anal stenosis 
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   Cloacal anomaly is a complex anatomic dis-
order that manifests as a unique external peri-
neal opening with a short or long common 
canal for the genital, urinary, and digestive sys-
tems. Isolated rectovaginal fi stulas are 
extremely rare and are considered a variant of 
cloacal anomaly. The Wingspread and 
Krickenbeck classifi cations are very similar. 
The Wingspread classifi cation allows location 
of the blind rectal pouch. The Krickenbeck 
classifi cation is more descriptive and is clini-
cally oriented; its most important advantage is 
the preoperative identifi cation and anatomic 
evaluation of not only the rectal pouch but also 
any fi stulas. This information allows the sur-
geon to anticipate the extent of mobilization of 
the atretic rectal segment required during sur-
gery and helps determine the most appropriate 
surgical approach for each case (Tables  24.3  
and  24.4 ) [ 8 ].

24.6         Prenatal and Neonatal 
Management 

 Prenatal diagnosis of ARM remains rare and 
occurs in only up to 16 % of cases. Currently, the 
most complex anorectal malformations are the 
ones that can be most often diagnosed prenatally. 
The reason for this is the fact that the higher the 
malformation (recto-bladder neck fi stula in males, 
cloaca in females), the higher is the presence of 
associated anomalies, and many of these associ-
ated defects can be seen in utero. During the pre-
natal imaging study, one important clue to suspect 
an anorectal malformation is the fi nding of mul-
tiple systems with abnormalities (digestive, verte-
bral, genitourinary). The advantages of having a 
prenatal diagnosis include giving the parents 
some information about the type of anomaly that 
the patient will be born with and also giving them 
the opportunity to make arrangements for the 

   Table 24.3    Comparison of Wingspread and Krickenbeck classifi cations in  male patients    

 Type of ARM  Wingspread classifi cation (1984)  Krickenbeck classifi cation (2005) 

 Low  Anal stenosis 
 Anocutaneous fi stula 

 Anal stenosis 
 Imperforate anus without fi stula 
 Rectoperineal fi stula 

 Intermediate  Anal agenesis without fi stula 
 Anal agenesis with rectourethral bulbar fi stula 

 Anal or anorectal agenesis without fi stula 
 Anorectal agenesis with rectourethral bulbar 
fi stula 
 Anorectal agenesis with rectourethral 
prostatic fi stula 
 Anorectal agenesis with rectovesical fi stula 

 High  Rectal atresia 
 anorectal agenesis without fi stula 
 Anorectal agenesis with rectourethral prostatic 
fi stula 
 Rare forms 

   Table 24.4    Comparison of Wingspread and Krickenbeck Classifi cations in  female patients    

 Type of ARM  Wingspread classifi cation (1984)  Krickenbeck classifi cation (2005) 

 Low  Anal stenosis 
 Anal agenesis without fi stula 
 Anal agenesis with external fi stula 

 Anal stenosis 
 Imperforate anus without fi stula 
 Anal agenesis with rectoperineal fi stula 
 Anal agenesis with rectovestibular fi stula 

 Intermediate  Anal agenesis without fi stula 
 Anal agenesis with rectovestibular fi stula 
 Anal agenesis with rectovaginal fi stula 

 Anal or anorectal agenesis without fi stula 
 Rectal atresia 
 Cloacal malformations with short (<3 cm) 
or long (>3 cm) common canal  High  Rectal atresia 

 Anorectal agenesis without fi stula 
 Anorectal agenesis with rectovaginal fi stula 
 Cloacal malformation 
 Rare forms 
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baby to be delivered in a specialized center that is 
familiar with the neonatal management of patients 
born with these conditions. Images that can be 
seen prenatally and should raise suspicions for an 
anorectal malformation include dilated and or cal-
cifi ed bowel, lack of meconium at the expected 
rectal level, hydronephrosis, absent kidney, neural 
tube defects, tethered cord, hydrocolpos, vertebral 
anomalies, absent radius, and omphalocele in the 
absence of bladder visualization [ 9 ]. During the 
fi rst 24 h of life, it is important to rule out associ-
ated malformations that might be life- threatening. 
With an echocardiogram, the physician will rule 
out cardiac conditions, a nasogastric tube should 
be passed to rule out esophageal atresia, an 
abdominal x-ray should rule out duodenal atresia, 
a kidney ultrasound should rule out severe hydro-
nephrosis, and a pelvic ultrasound in females born 
with a cloaca should rule out a hydrocolpos. A 
sacral x-ray in anteroposterior and lateral views 
will allow for the calculation of the sacral ratio, 
which is an important tool to predict the future 
prognosis for bowel control. A spinal ultrasound 
should be ordered to rule out tethered cord. 
Imaging plays a key role in evaluation of ARM. In 
the fi rst days of life, clinical and  imaging fi ndings 
facilitate early classifi cation of ARM and allow a 
decision about whether to perform an immediate 
colostomy. In children with intermediate and high 
types of ARM, preoperative pelvic MR imaging 
after the neonatal period allows accurate evalua-
tion of the morphology and grade of development 
of the sphincteric muscle complex (Fig.  24.4 ). 
This information helps orient the medical and sur-
gical teams as to the postoperative prognosis for 
continence. During the fi rst 24 h, the surgeon will 
also have enough information to decide between a 
primary repair and a descending colostomy. This 
decision should take into consideration the expe-
rience of the surgeon and the condition of the 
baby. Common indications for a colostomy 
include fl at perineum, meconium in the urine, dis-
tal gas on the invertogram taken after 24 h of life 
above the coccyx, and cloaca (Fig.  24.5 ). In ARM 
the ideal colostomy must be completely diverting, 
leaving enough distal bowel to allow for the future 
pull- through. Both stomas must be separated 
enough to accommodate a stoma bag that only 
covers the proximal stoma.

  Fig. 24.4    Sphincteric muscle complex       

  Fig. 24.5    Distal gas on the invertogram above the 
coccyx       
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    We suggest a descending colostomy taking 
advantages of the peritoneal attachments of the 
descending colon to avoid prolapse of the proximal 
stoma and making the mucous fi stula as tiny as 
possible to avoid prolapse of the distal stoma 
(Fig.  24.6 ). During the colostomy opening, the dis-
tal bowel should be irrigated with large amounts of 
saline solution to clear it from any distal meco-
nium. In patients with cloaca, during the fi rst 24 h 
of life, a pelvic ultrasound should be ordered, spe-
cifi cally looking for a pelvic cystic mass behind the 
bladder. If a hydrocolpos is diagnosed, it should be 
drained at the time of colostomy opening with a 
transabdominal indwelling tube that should be left 
in place until the time of the main repair (when the 
patient will have a vaginal opening created). The 
distal colostogram is the most valuable diagnostic 
study to determine the specifi c type of anorectal 
malformation in male patients (the precise location 
of the fi stula), the length of bowel available for the 
pull-through, and the relationship between the 
sacrum, the coccyx, and the rectum (Fig.  24.7 ). All 
these informations are important to plan the opera-
tion (laparotomy, laparoscopy, or posterior sagittal 
approach). In addition, it allows for the determina-
tion of the future functional prognosis [ 9 ].

24.7         Surgical Treatment 

 Almost all ARMs require surgery early in life. The 
spectrum of malformations sometimes mandates 
different techniques for different malformations, 
but the preferred technique is also infl uenced by 

the surgeon’s preference and surgical education. 
The most commonly used operative procedures for 
treatment of ARMs include perineal operations, 
posterior sagittal anorectoplasty, and laparoscopic 
abdominoperineal rectoplasty techniques. Cloacal 
anomaly requires highly specialized reconstructive 
surgery [ 1 ,  2 ]. ARMs involving a rectal pouch 
located below the level of the puborectalis muscle, 
regardless of whether they are associated with a 
fi stula perineal or vestibular, are considered low-
type ARM. They may be managed early with a 
perineal approach involving opening of the rectal 
pouch and ligature of the fi stula, if present. A rectal 
pouch lying at or above the level of the puborectal 
sling is considered an intermediate or high type of 
ARM; it is treated with colostomy in the fi rst days 
of life and with posterior sagittal anorectoplasty 
alone or combined with laparoscopic abdomino-
perineal rectoplasty in a second intervention. 

24.7.1     Posterior Sagittal 
Anorectoplasty (PSARP) 

 The patient is placed in a prone position with the 
pelvis elevated (Fig.  24.8 ).

  Fig. 24.6    Diverting colostomy in descendent colon       

  Fig. 24.7    Preoperative distal colostogram       
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   A strictly midline incision is then made from 
the tip of the coccyx to the perineum. Throughout 
the procedure, muscles are identifi ed with the help 
of a muscle stimulator. All muscle groups are sepa-
rated and opened as if paging through a book, with-
out cutting them, until the rectal pouch is located. 
The levator ani muscle must then be divided to 
reach the rectal pouch (Figs.  24.9  and  24.10 ).

    The rectum is then mobilized until a suffi -
cient length is obtained for anal reconstruction. 

After that, the levator ani muscle is repaired, fol-
lowed by repair of the muscle complex and 
external anal sphincter (Figs.  24.11 ,  24.12 , 
 24.13 , and  24.14 ).

  Fig. 24.8    Position of patient in PSARP procedure: prone position with the pelvis elevated       

  Fig. 24.9    Midline incision from the tip of the coccyx to 
the perineum       

  Fig. 24.10    Isolation of rectal pouch       

  Fig. 24.11    Anterior suturing of the muscular plane       
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  Fig. 24.12    Posterior suturing of the muscular plane       

  Fig. 24.13    Final step: anoplasty       

  Fig. 24.14    Anal calibration       

      Very high fi stulas, mainly rectourethral pros-
tatic or rectovesical fi stulas in boys, are some-
times impossible to visualize exclusively 
through a perineal sagittal approach, and a lapa-
rotomy or laparoscopy (abdominoperineal rec-
toplasty) is also required. If an abdominal 
approach is needed, the patient is then posi-
tioned faceup, allowing the surgeon to work 
simultaneously from the abdomen and the 
perineum.  

24.7.2     Posterior Sagittal Anoplasty 
for Rectoperineal Fistula 

 The repair of these defects consists of a small pos-
terior sagittal incision with enough mobilization of 
the rectum, suffi cient to be transposed and placed 
within the limits of the sphincter (Figs.  24.15 , 
 24.16 ,  24.17 , and  24.18 ). This is a meticulous oper-
ation and can be done during the neonatal period 
without a colostomy. The most common complica-
tion during the repair of this defect in male patients 
is a urethral injury, which can be avoided by plac-
ing a urethral catheter and taking particular care 
during the dissection of the anterior rectal wall.

F

  Fig. 24.15    Rectoperineal fi stula in male.  F  fi stula       
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24.7.3           Posterior Sagittal 
Anorectoplasty 
for Rectovestibular Fistula, 
Rectourethral Bulbar Fistula, 
Rectourethral Prostatic 
Fistula, and Imperforate Anus 
Without Fistula 

 The key anatomic characteristics that should be 
kept in mind are that in rectovestibular fi stulas 
the rectum shares a common wall with the vagina, 
and in rectourethral fi stulas and imperforate anus 
without fi stula, the rectum shares a common wall 
with the urethra. The surgeon has to make two 

walls out of one with a careful and meticulous 
separation of these structures. The posterior sag-
ittal incision in these cases should be long enough 
to allow for adequate rectal mobilization. The 
posterior rectal wall should be identifi ed, the lat-
eral walls should be dissected, and then the sur-
geon should concentrate on the most delicate 
portion of the operation: the separation of the 
anterior rectal wall, without damaging the urethra 
in males and the vagina in females.  

24.7.4     Laparoscopic-Assisted 
Posterior Sagittal 
Anorectoplasty (LAARP) 

 In 10 % of the male patients, the abdominal cav-
ity has to be entered either through laparoscopy 
or laparotomy to repair the anorectal malforma-
tion. We consider the recto-bladder neck fi stulas 
the ideal indication for laparoscopy as well as 
some selected rectourethral prostatic fi stulas. In 
2000, Georgeson proposed a new technique that 
combines the laparoscopic approach [ 10 ]. 
Yamataka et al. proposed and others confi rmed 
the laparoscopic use of the Peña electrostimula-
tor [ 11 ]. The LAARP technique allows treat-
ment of high malformations by pulling down the 
rectum under direct vision close to the perineal 
plane. The levator muscles are clearly identifi ed, 
thanks to intra-abdominal and external electro-
stimulation, so the surgeon can be sure of the 

  Fig. 24.16    Mobilization of distal pouch       

F

  Fig. 24.17    Localization of neoanum with Peña 
electrostimulator       

  Fig. 24.18    Mobilization of distal pouch       
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 correct position of the anus, thus avoiding 
the risks of sagittal dissection. Some studies 
seem to demonstrate better anorectal manomet-
ric fi ndings in patients who underwent 
LAARP. Although the primary pull-through 
without colostomy has been described, we pre-
fer to perform the LAARP after a diverting 
colostomy. We want to emphasize the impor-
tance of good positioning of the colostomy in 
order to avoid problems in mobilizing the rec-
tum. Finally, we want to state the advantage of 
the intra-abdominal use of the Peña electrostim-
ulator. The bellies of the puborectalis sling are 
clearly seen, and the contractions indicate the 
exact site of the pull-through. This can be par-
ticularly useful in cases of immature and unclear 
levator muscles [ 12 ] (Figs.  24.19 – 24.26 ).

24.7.5               Posterior Sagittal Anorectal–
Vaginal–Urethral Plasty 
with Laparotomy for Cloaca 
with a Common Channel 
Length of More Than 3 cm 

 The repair of these complex defects requires the 
implementation of a rather complicated decision 
making algorithm. When the total urogenital 
mobilization (TUM) is not enough for the urethra 

  Fig. 24.19    Supine position in LAARP procedure       

F
R

  Fig. 24.21    Laparoscopic identifi cation of fi stula       

  Fig. 24.20    Peña electrostimulation       

F

  Fig. 24.22    Resection of fi stula       
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and vagina to reach the perineum, carving the 
pubic cartilage and making a Heineke-Mikulicz 
maneuver in the vagina may give extra millime-
ters; when that is not enough, an extended trans-
abdominal total urogenital maneuver is performed. 
If the structures still do not reach the perineum, 
the most challenging maneuver should be done, 
and it consists in the separation of the vagina from 
the bladder. To do that, the bladder must be open, 
and catheters have to be inserted into the ureters. 
At this stage, if the vagina still does not reach, 
depending on the anatomy, a vaginal switch 
maneuver can be performed or a partial vaginal 
replacement using the rectum or colon [ 6 ].   

24.8     Postoperative Management 

 At 2 weeks postsurgery, anal calibration is per-
formed, followed by a program of anal dilatations 
to avoid an anoplasty stricture. The anus must be 
dilated twice daily, and the size of the dilator is 
increased every week. The fi nal size to be reached 
depends on the patient’s age (Table  24.5 ).

24.9        Treatment of the Functional 
Disorders (Constipation 
and Fecal Incontinence) 

  Constipation     Constipation is the most impor-
tant problem to avoid after defi nitive repair. 
Patients with good prognosis for bowel control 

  Fig. 24.23    Laparoscopic electrostimulation       

R

  Fig. 24.24    Video-assisted rectal pull-through       

  Fig. 24.25    Perineal approach: rectal pull-through       

  Fig. 24.26    Calibration of neoanum       
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(rectoperineal fi stula, rectovestibular fi stula, rec-
tourethral bulbar fi stula, imperforate anus with-
out fi stula, with normal sacrum, and no tethered 
cord) are the ones that suffer from the most severe 
type of constipation. These patients usually 
require laxative dosages much higher than what 
is conventionally recommended. Patients must be 
regularly monitored, and laxatives and dietary 
manipulations are begun at the fi rst sign of con-
stipation. If surgical treatment to restore anatomy 
as normal as possible is indispensable, postopera-
tive care is essential for these patients whose def-
ecation mechanisms are altered, to reach if not 
continence, at least a socially acceptable 
cleanliness.  

  Fecal incontinence     Patients with poor progno-
sis for bowel control (recto-bladder neck fi stulas, 
cloaca with common channel more than 3 cm in 
length and tethered cord) should be kept artifi -
cially clean with a daily enema. Rectal adminis-
tration of this daily enema allows the patient to 
be clean of stool in the underwear for a 24 h 
period, until the time for the next enema. Patients 
may complain of soiling. This may represent 
fecal incontinence in patients with very high 
ARMs or in those with poor muscles and an 
abnormal sacrum. These patients require a proper 
bowel management program. However, in a 
patient with a good prognosis, soiling may repre-
sent overfl ow incontinence, and constipation 
must be treated [ 2 ].   

24.10     Complications 

 Iatrogenic complications include  dehiscence  and 
 infection , which may be avoided with colostomy 
before the main repair. The  anoplasty stricture  is 
a possible postoperative complication that may 
be avoided by a program of dilatations. Posterior 
 urethral diverticulum  may develop from a fi stula 
remnant.     
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   Table 24.5    Postoperative program of anal dilatations   

 Guidelines for sizing anal 
dilators  Suggested timing 

 1–4 months of age: 12  Dilate 2–3 times a day 
for 1–2 weeks 
 Dilate once daily for 
1–2 weeks 
 Dilate once every other 
day for 1–2 weeks 
 Dilate once every 
3–4 days for 2 weeks 
 Dilate once weekly for 
4 weeks 

 4–8 months of age: 13 
 8–12 months of age: 14 
 1–3 years of age: 15 
 3–12 years of age: 16 
 >12 years of age: 17–18 
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      Congenital Hyperinsulinism                     

     Giovanni     Boroni     ,     Filippo     Parolini     , 
and     Daniele     Alberti     

      Transient symptomatic hypoglycemia is the 
most common metabolic abnormality in new-
borns, with an incidence of 4 per 1000 term 
infants and 6 per 1000 premature infants. Up to 
1 % of these infants have severe and persistent 
hypoglycemia, which can cause permanent 
brain damage. Laidlaw [ 1 ] in 1938 coined the 
term “nesidioblastosis,” to indicate diffuse and 
disseminated proliferation of islet cells bud-
ding off from pancreatic ducts. Before the 
mid-1980s, this increase in β-cell mass was 
presumed to be responsible of the syndrome of 
persistent hyperinsulinemic hypoglycemia of 
infancy, described more than 50 years ago by 
McQuarrie [ 2 ]. However, studies by Rahier 
et al. [ 3 ] and other pathologists had convinc-
ingly proven that nesidioblastosis is present 
not only in hypoglycemic symptomatic infants 
but also in normoglycemic control patients, 
and it is just a normal feature of the pancreas in 
early infancy. Over the past 20 years, remark-
able progresses have been made in the under-

standing of the pathogenesis of the persistent 
hypoglycemia in infancy; nowadays the inap-
propriate secretion of insulin by β-cells, which 
has heterogeneous genetic origins, is recog-
nized as cause of this condition [ 4 ]. Therefore, 
in the recent pediatric literature, the term 
“nesidioblastosis” has been abandoned in favor 
of “congenital hyperinsulinism” (CHI), which 
includes both focal and diffuse pancreatic 
involvement associated with hyperinsulinism 
and hypoglycemia. 

25.1     Epidemiology 

 The estimated incidence of CHI in the general 
population is 1/30,000 to 1/50,000, but it 
increases to 1/2500 in communities with high 
rates of consanguinity. This fi nding refl ects the 
most common modality of inheritance, that is, 
autosomal recessive, although dominant muta-
tions have been reported. The male to female 
ratio is 1.2:1 for diffuse lesions and 1.8:1 for 
focal lesions [ 5 ]. The age at onset is variable: 
the vast majority of cases occurs early in life, a 
few hours or days after birth, but occasionally, 
symptoms can take as long as 5 or 6 months to 
become apparent. Presentation beyond the age 
of 2 years is rare. The severity of the disease is 
quite variable but tends to be greater in the 
neonatal form.  
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25.2     Pathogenesis and Molecular 
Mechanism of CHI 

 Congenital hyperinsulinism is the result of a dys-
regulated insulin secretion from pancreatic 
β-cells. Inappropriate secretion of insulin leads to 
an increased glucose consumption, suppression 
of endogenous glucose production by inhibiting 
glycogenolysis and gluconeogenesis and eventu-
ally hypoglycemia. Moreover, insulin inhibits 
lipolysis, free fatty acid production, and ketogen-
esis, depriving the brain of both its primary and 
secondary energy sources (glucose and ketone 
bodies). Normally insulin secretion is primarily 
regulated by glucose metabolism. Postprandial 
glucose is transported into the cytoplasm of pan-
creatic β-cells by the glucose transporter type 2 
(GLUT2) and then phosphorylated by glucoki-
nase. Glucose-6-phosphate is then metabolized 
via glycolysis, Krebs cycle, and oxidative phos-
phorylation to generate ATP. An increased ATP/
ADP ratio within β-cells leads to the closure of 
the ATP-sensitive potassium channel (K ATP - 
channel), which causes depolarization of the cell 
membrane and opening of the voltage-gated cal-
cium channels. The resulting infl ow of calcium 
ions then causes fusion of the insulin secretory 
granules with the cell membrane and secretion of 
insulin outside of the β-cell (Fig.  25.1 ).

   Molecular genetic abnormalities have been 
identifi ed in nine different genes which cause 
CHI: these include inactivating mutation of the 
K ATP -channel genes (ABCC8 and KCNJ11), 
HNF4A, HNF1A, HADH, and UCP2 or activat-
ing mutations of GLUD1, GCK, and SLC16A1 
[ 6 ,  7 ]. Mutations in ABCC8 and KCNJ11 genes 
are estimated to account for 40–45 % of all cases 
of CHI, while mutations in the remaining genes 
are identifi ed in approximately 5–10 % of cases. 
The genetic etiology for the remaining 45–50 % 
of patients remains unknown. 

25.2.1     K ATP -Channel Mutations 
(ABCC8 and KCNJ11) 

 Inactivating mutations in the ABCC8 and KCNJ11 
genes, which encode the SUR1 and Kir6.2 sub-
units of the K ATP -channel, are the most frequent 
cause of CHI. Mutations in these genes impair the 
ability of MgADP to stimulate channel activity or 
affect the expression of the K ATP - channels at the 
surface membrane, resulting in continuous depo-
larization and inappropriate insulin secretion. 
Many of these patients show a poor response to 
diazoxide therapy, which is evident considering 
the target of the drugs is the K ATP -channel. The 
mode of inheritance of the K ATP -channel mutations 
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correlates with the histological type: the identifi ca-
tion of two recessive mutations indicates a diffuse 
disease, whereas, when a single paternally inher-
ited mutation is discovered, a focal lesion is sus-
pected. Indeed focal lesions result from paternal 
uniparental disomy of chromosome 11p15.5-
11p15.1 within a single pancreatic cell. In close 
proximity with the K ATP -channel genes at chromo-
some 11p15.1, a region at 11p15.5 harbors mater-
nally expressed tumor suppressors (H19 and 
CDKN1c) and a paternally expressed growth fac-
tor gene (IGF2). When paternal uniparental 
disomy occurs as a somatic mutation during the 
development of the pancreas, that β-cell loses 
K ATP -channel activity. At the same time, the tumor-
suppressor activities of H19 and CDKN1C are 
lost, and the activity of IGF2 is doubled. This leads 
to a growth advantage for the abnormal β-cells and 
eventually to a formation of a focal lesion [ 6 ,  8 ]. 
There are a few reports describing dominant muta-
tions of K ATP - channel genes, in patients with CHI 
responsive to diazoxide therapy.  

25.2.2     Glutamate Dehydrogenase 
(GLUD1) 

 Mutations in the GLUD1 gene, which encodes the 
enzyme glutamate dehydrogenase (GDH), are the 
most frequent cause of CHI after ABCC8/KCNJ11 
mutations. CHI induced by these mutations is also 
known as the  hyperinsulinism/hyperammonemia 
syndrome. The enzyme GDH, activated by leu-
cine, catalyzes the oxidative deamination of gluta-
mate to α-ketoglutarate and ammonia. Activating 
mutations in GLUD1 lead to an increased conver-
sion of glutamate to α-ketoglutarate and height-
ened sensitivity to stimulation by leucine. In 
β-cells, α-ketoglutarate enters the citric cycle and 
leads to an increased ATP/ADP ratio, the closure 
of K ATP -channels and, eventually to an increased 
insulin secretion [ 9 ]. Inheritance is usually autoso-
mal dominant. Patients with GLUD1 mutations 
usually present a milder form of CHI, with associ-
ated hyperammonemia. Hypoglycemia is rapidly 
precipitated by protein-rich meals. This type of 
CHI is usually diazoxide responsive, but patients 
also require a low-protein diet.  

25.2.3     Hepatocyte Nuclear Factors 
(HNF4A and HNF1A) 

 Hepatocyte nuclear factor 4α (HNF4α), encoded 
by the HNF4A gene, is a transcription factor crit-
ical for liver development and hepatocyte- specifi c 
gene expression. In the pancreatic β-cell, HNF4α 
regulates several genes involved in glucose- 
stimulated insulin secretion. Heterozygous loss- 
of- function mutations in this gene have been 
shown to account for 5 % of cases of diazoxide- 
responsive hyperinsulinism [ 10 ]. The mechanism 
is currently unknown. Mutations in HNF4A 
cause also maturity-onset diabetes of the young 
(MODY1). 

 Mutations in HNF1A gene have been identi-
fi ed in macrosomic newborns presenting with 
diazoxide-responsive CHI. However, in later life, 
patients tend to shift from hypoglycemia to 
MODY3. The exact mechanism still remains 
unknown [ 6 ].  

25.2.4     Glucokinase (GCK) 

 Congenital hyperinsulinism occurs when a 
heterozygous- activating mutation (inherited in 
autosomal dominant manner) in the GCK gene 
produce an enzyme with an increased affi nity for 
glucose, resulting in the inappropriate insulin 
secretion at low blood glucose concentration. The 
age of presentation can vary widely from infancy 
to adulthood. Patients who require intervention are 
often responsive to diazoxide therapy, although 
unresponsive forms have also been described.  

25.2.5     Hydroxyacyl-Coenzyme 
A Dehydrogenase (HADH) 

 Hydroxyacyl-coenzyme A dehydrogenase 
(HADH) catalyzes the penultimate step in fatty 
acid β-oxidation in the mitochondria and is 
highly expressed in the pancreatic β-cells. 
Recessively inherited mutations in the HADH 
gene have been reported, up to now, only in 10 
patients, and the mechanism that leads to the 
unregulated insulin secretion is still unclear [ 6 ].  
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25.2.6     Solute Carrier Family 16, 
Member 1 (SLC16A1) 

 Solute carrier family 16, member 1 (SLC16A1) 
gene encodes a transporter required for the intra-
cellular transport of pyruvate and lactate. The 
SLC16A1 gene is not usually transcribed in pan-
creatic β-cells. Mutations that cause inappropri-
ate transcription of this gene in the pancreatic 
β-cells make these cells sensitive to extracellular 
levels of lactate and pyruvate and cause exercise- 
induced hyperinsulinism (EIHI) [ 11 ]. In case of 
EIHI, lactate and pyruvate, produced during 
anaerobic exercise, enter into the β-cells and are 
metabolized increasing the ATP/ADP ratio and 
inducing insulin secretion. Patients are diazoxide 
responsive, but treatment is not always necessary, 
as hypoglycemic episodes may be prevented by 
avoiding strenuous exercise.  

25.2.7     Uncoupling Protein 2 (UCP2) 

 The UCP2 gene encode for the mitochondrial 
uncoupling protein 2, which uncouples oxidative 
phosphorylation from ATP synthesis. Under nor-
mal condition, UCP2 reduces ATP synthesis and 
thus suppresses the glucose-stimulated insulin 
secretion. A loss-of-function mutation in the 
UCP2 gene was recently suggested as a candidate 
gene for CHI [ 12 ].   

25.3     Histopathology 

 Congenital hyperinsulinism does not correspond 
to a single pathological entity: many different 
forms have been reported on the basis of specifi c 
genetic defects. Nevertheless, concerning the sur-
geon’s point of view, there are two main patho-
logical subtypes: diffuse (50–70 % of patients) 
and focal (30–50 % of patients). 

 In the diffuse type of CHI, the pancreas 
appears normal both macro- and microscopically. 
Careful analysis reveals the presence of large 
β-cells with abnormally large nuclei (as observed 
in hyperactive endocrine cells). Immunostaining 

with a specifi c antibody to proinsulin shows a 
large Golgi apparatus, refl ecting a very high pro-
insulin synthesis. However, labeling with insulin 
antibody is very weak, indicating low insulin 
storage, because of unregulated insulin release. 

 The focal CHI is a focal adenomatous hyper-
plasia, characterized by the presence of a small 
endocrine lesion (3–10 mm in diameter). 
Histologically this lesion corresponds to the con-
fl uence of hyperplastic but normally structured 
islets, with a large core of β-cells and a peripheral 
rim of endocrine non-β-cells. Within the focal 
lesion, the β-cells are hyperactive, with enlarged 
cytoplasm and a large Golgi apparatus, rich in 
proinsulin, and with low insulin storage. Outside 
the focal lesion, the islets are small; their β-cells 
are resting, with a high storage of insulin and 
weak production of proinsulin [ 13 ].  

25.4     Clinical Presentation 

 The majority of the babies with CHI are macro-
somic at birth. Fetal hyperinsulinemia also 
accounts for the hypertrophic cardiomyopathy 
and hepatomegaly (increased storage of glucose 
as glycogen), commonly observed in patients 
with CHI. The clinical presentation is variable, 
and patients complain either mild unspecifi c 
symptoms of hypoglycemia (poor feeding, leth-
argy and irritability) or more severe symptoms, 
as apnea, seizures, or even coma. Seizures are 
generalized, tonic-clonic, and occur in half of the 
cases. Other common symptoms are tremors, 
hypotonia, cyanosis, and hypothermia. Older 
children and adolescent may present with sweat-
ing, confusion, and behavioral changes; in these 
patients, insulinoma should be considered as 
alternative diagnosis. Facies is typical with a high 
forehead, large nose with a short columella, 
smooth philtrum, and thin upper lip. 

 In most of cases, symptoms of hypoglycemia 
appear within 72 h from birth. Hypoglycemia is 
severe and permanent (both fasting and postpran-
dial). Typically, newborns with CHI have greatly 
reduced fasting tolerance, and increased intrave-
nous glucose infusion rate is required to maintain 
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adequate blood glucose levels. If not promptly 
treated, these children are highly susceptible to 
develop neurological damage, psychomotor 
retardation, and even death.  

25.5     Diagnosis 

 The main laboratory criteria for the diagnosis of 
CHI are inappropriately elevated plasma insulin 
(and/or C-peptide) in the presence of hypoglyce-
mia, low plasma free fatty acids and ketone bod-
ies, and inappropriate response to glucagon. 

 Some authors suggest that any detectable level 
of insulin during hypoglycemia is abnormal, 
whereas others propose different cutoffs; the 
most frequent value accepted for the diagnosis is 
serum insulin concentration >3μU/mL in the 
presence of blood glucose <50 mg/dL. 

 As insulin inhibits lipolysis, during hypoglyce-
mia, beta-hydroxybutyrate level <1.5–2 mmol/L 
and free fatty acids <1–1.5 mmol/L are also used 
as diagnostic adjuncts. 

 When hypoglycemia is caused by a defect in 
glycogenolysis or in gluconeogenesis, the patient 
does not respond to intramuscular/intravenous 
injection of glucagon. An inappropriate glycemic 
response to glucagon, with an increase in blood 
glucose greater than 30 mg/dL at the time of 
hypoglycemia, is consistent with excess insulin 
action and is useful in order to confi rm the diag-
nosis [ 14 ]. 

 When diagnosis of CHI is confi rmed, from a 
practical point of view, it is important to differen-
tiate focal type from diffuse CHI. When a focal 
lesion is identifi ed preoperatively, resection of 
the lesion or partial pancreatectomy can cure the 
patients without postoperative complications. In 
case of diffuse type, surgery should be reserved 
for patients with failure of medical management 
or poor compliance to therapy, because of the 
high risk either of persistent hypoglycemia or 
diabetes, after near-total pancreatectomy [ 15 ].

    Although focal lesions detected with contrast- 
enhanced CT scan have been reported [ 16 ], they 
cannot usually be detected using conventional 
imaging modalities such as ultrasonography, 

computed tomography (CT), magnetic resonance 
imaging, and angiography. 

 Two interventional radiology tests have been 
used in the past. The arterial stimulation with 
venous sampling (ASVS) technique involves 
selective pancreatic angiographic stimulation 
using intra-arterial calcium and venous sampling. 
An immediate rise in insulin from stimulation in 
gastroduodenal artery suggests focal form in pan-
creatic head; if the test is positive in superior 
mesenteric artery, the lesion is localized in the 
uncinate process or in the neck; a rise in insulin 
from stimulation in splenic artery identifi es a 
lesion in pancreatic body or tail. If the stimula-
tion is effective in all three arteries, a diffuse CHI 
should be suspected. In transhepatic portal 
venous catheterization and selective sampling of 
pancreatic vein (THPVS), the pancreatic venous 
insulin levels are compared with simultaneous 
plasma levels of insulin and glucose [ 17 ]. Both 
ASVS and THPVS are technically challenging 
and have limited specifi city and sensitivity, and 
these techniques have been replaced by 
18-Fluorine- l -dihydroxyphenylalanine positron 
emission tomography ( 18 F-DOPA-PET), usually 
combined with computed tomography with mul-
tiphase contrast media protocols ( 18 F-DOPA- 
PET/CT).  l -DOPA is absorbed by neuroendocrine 
cells and by pancreas islet cells and metabolized 
into dopamine. Beta cells of the pancreas have 
dopamine receptors, and the uptake of  18 F-DOPA 
is very increased in foci with high insulin synthe-
sis rates.  18 F-DOPA-PET/CT detects focal lesions 
as small as 5 mm. This technique, described for 
the fi rst time in 2003 [ 18 ], nowadays represents 
the most precise method used to differentiate 
between focal and diffuse form of congenital 
hyperinsulinism, with a sensitivity of 94 % com-
bined with a specifi city of 100 % [ 19 ].  

25.6     Treatment 

 In CHI, it is vital to make a prompt diagnosis and 
to begin early management, as delay in treatment 
may cause brain damage and permanent neurode-
velopmental disorders. Some factors as age, 
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comorbidities, severity, duration, and frequency 
of hypoglycemic episodes could affect the neuro-
logical outcome. 

 The primary goals of therapy are to achieve 
normoglycemia and restore production of ketone 
bodies, inhibiting inappropriate insulin 
secretion. 

 The increase in glucose concentration can be 
achieved either by giving additional glucose or 
by administration of glycogenolytic and gluco-
neogenic hormones such as glucagon. Force- 
feeding must be prevented in order to avoid 
feeding refusal behavior or severe gastroesopha-
geal refl ux. If necessary, intravenous glucose 
infusion should be used in order to maintain 
blood glucose >60–70 mg/dL. In neonates with 
CHI glucose infusion rate necessary to maintain 
euglycemia is higher than in unaffected new-
borns (>6–8 mg/kg/min compared to a normal of 
4–6 mg/kg/min). 

 On the other hand, for decreasing serum insu-
lin, medications that inhibit insulin secretion 
(diazoxide, octreotide) and/or pancreatic resec-
tion will be required.  

25.7     Medical Therapy 

 Diazoxide is a potent inhibitor of insulin secre-
tion that binds the SUR1 subunit of the K ATP - 
channel, activating it. This drug is considered the 
fi rst-line drug for treatment of CHI but requires 
an intact K ATP -channel. Therefore, children with 
diffuse disease due to inactivating mutations in 
ABCC8 and KCNJ11 and most patients with 
focal lesions are unresponsive to diazoxide. 
Diazoxide is daily administered orally in three 
divided doses, at 5–15 mg/kg/day. Most common 
side effects include hypertrichosis and salt and 
fl uid retention, which could lead to severe com-
plications, such as congestive hearth failure and 
reopening of the ductus arteriosus [ 20 ]. Other 
frequent side effects of the therapy with diazox-
ide are nausea, vomiting, and loss of appetite. 
When diazoxide is used in higher dose (20 mg/
kg/day), it could lead to paradoxical hypoglyce-
mia. In addiction to diazoxide, administration of 
a thiazide diuretic (chlorotiazide 7–10 mg/kg/day 

in two divided doses) is advised to prevent fl uid 
retention and for its synergistic effect on the sup-
pression of insulin secretion. 

 Octreotide is a long-acting analogue of soma-
tostatin that inhibits the secretion of a variety of 
hormones (including insulin) and is the second 
line of treatment for patients unresponsive to 
diazoxide. Octreotide inhibits insulin secretion 
by inducing hyperpolarization of β-cells by direct 
inhibition of voltage-dependent calcium chan-
nels. Moreover, octreotide activation of soma-
tostatin receptor 5 (STTR 5) decreases insulin 
gene promoter activity, resulting in reduced insu-
lin biosynthesis. Octreotide is administered as 
multiple daily subcutaneous injection (3–4 times/
day) or by continuous subcutaneous infusion 
using an insulin pump, at a dose of 5–35 μg/kg/
day [ 14 ,  21 ]. After the fi rst 2–3 doses, a tolerance 
to its effects may be observed, and increased 
doses could be necessary. Adverse effects include 
anorexia, nausea, abdominal discomfort, and 
diarrhea; rarely, serious side effects are drug- 
induced hepatitis, necrotizing enterocolitis, and 
long QT syndrome. 

 Lanreotide, a long-acting somatostatin ana-
logue, has been successfully used in the treat-
ment of CHI patients as a four weekly 
intramuscular injection or deep subcutaneous 
injection [ 22 ]. 

 The calcium channel blocker nifedipine 
(0.25–2.5 mg/kg/day in 2–3 divided doses) inhib-
its insulin secretion, inactivating voltage-gated 
calcium channels. Some authors reported few 
cases of nifedipine-responsive forms of CHI [ 23 ]. 
A large, multicentric, randomized clinical trial 
would be desirable to elucidate the effectiveness 
and safety of nifedipine in this setting [ 24 ]. 

 Glucagon stimulates glycogenolysis and glu-
coneogenesis; in emergency situation, intramus-
cular administration increases blood glucose 
within a few minutes. Administered also by intra-
venous and subcutaneous routes, glucagon is 
used mainly for short-term control of diazoxide- 
unresponsive patients. Nevertheless, successful 
long-term therapy with subcutaneous infusion 
has been reported [ 25 ]. 

 Recently, novel medications for diazoxide- 
unresponsive CHI have been proposed. An antag-
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onist of glucagon-like peptide 1 (GLP1) receptor, 
exendin, has been shown to be effective for the 
treatment of CHI in randomized clinical trial 
[ 26 ]. Sirolimus, one of the mammalian target of 
rapamycin (mTOR) inhibitors, usually used as 
immunosuppressant to prevent rejection in organ 
transplantation and to treat neoplasm, was suc-
cessfully used to treat patients with diazoxide 
unresponsive CHI [ 27 ].  

25.8     Surgical Management 

 Medical therapy represents currently the fi rst line 
of treatment for CHI. However, when patient 
does not respond to medical therapy and cannot 
be weaned off treatment with intravenous glu-
cose infusion, pancreatectomy should be consid-
ered. In this eventuality, the differentiation 
between focal and diffuse type is crucial. Indeed 
focal lesion can be cured with a limited pancre-
atic resection, reducing the risk of diabetes and 
exocrine pancreatic defi ciency. Differently, dif-
fuse disease usually requires a near-total (95–
98 %) pancreatectomy, with a high risk of 
postsurgical endocrine and/or exocrine pancre-
atic insuffi ciency. Genetic mutation analysis may 
predict focal and diffuse disease: focal CHI is 
associated with loss of heterozygosity for pater-
nally inherited mutations in K ATP -channel genes, 
whereas homozygous-recessive or compound 
heterozygote mutations cause a diffuse disease. 
 18 F-DOPA-PET/CT is also required for the dif-
ferentiation between focal and diffuse CHI and 
for a precise preoperative localization of the focal 
lesions within the pancreas. Almost 35–45 % of 
patients with CHI are unresponsive to medical 
therapy and eventually require surgery [ 7 ]. 

25.8.1     Surgery for Diffuse CHI 

 In diffuse congenital hyperinsulinism, the opti-
mal extent of resection has been largely debated. 
Gross in 1953 reported on 65 % pancreatic resec-
tion (lateral to the superior mesenteric vessels). 
In the following years, there was a gradual shift 
in opinion toward 80–90 % resection, which 

involved removal of all pancreas distal to the right 
side of the superior mesenteric vessels. This pro-
cedure was associated with a 25–50 % incidence 
of recurrent hypoglycemia [ 5 ]. Nowadays most 
authors agree that a “near-total” pancreatectomy 
is required to prevent unacceptable high inci-
dence of recurrent hyperinsulinemia. The proce-
dure involves removal of 95 % of pancreatic tissue 
(tail, body, uncinate process, and part of pancre-
atic head), leaving behind an amount of pancre-
atic tissue around the common bile duct and along 
the medial border of the duodenum. Some authors 
suggested that up to a 98 % pancreatectomy, in 
which only small islands of tissue are left along 
the pancreaticoduodenal arcade bordering the 
duodenum, may be required in refractory cases 
[ 28 ]. Other authors adopt a conservative approach 
and recommend only a 50–75 % resection as fi rst 
step, associated with subsequent medical therapy; 
if necessary, they reexplore the patient and do a 
further resection [ 29 ] (Fig.  25.2 ). 

25.8.1.1     Open Procedure 
 Laparotomy is performed via supraumbilical 
transverse incision. The anterior surface of the 
pancreas is exposed by entering the lesser perito-
neal sac through the gastrocolic omentum. The 
duodenum is Kocherized to expose the head of 
the pancreas. Three biopsies from the head, 
 corpus, and tail (and, if present, biopsy of any 

  Fig. 25.2    Schematic representation of various degrees of 
pancreatectomy       
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suspicious nodule) are sent for frozen section his-
tologic examination. If, unexpectedly, they show 
resting or suppressed islet cells, a focal lesion has 
to be searched. If frozen section analysis con-
fi rms diffuse CHI, a near-total pancreatectomy 
can be performed. A stay suture is placed in the 
tail of the pancreas to allow traction; the tail is 
carefully dissected out of the splenic hilum, and 
the short pancreatic vessels are coagulated or tied 
and divided. The dissection proceeds medially 
toward the corpus and neck; short pancreatic 
arteries and veins passing from splenic vessels to 
the pancreas are meticulously dissected, coagu-
lated using bipolar diathermy, or ligated and 
divided. Once the dissection has arrived to the 
right of superior mesenteric vessels, attention is 
directed to the uncinate process and to the pan-
creatic head. The uncinate process, which may 
represent up to 30 % of the pancreatic weight, lies 
behind the superior mesenteric vessels. A sling 
may be passed around these vessels, retracting 
them to the left and facilitating the dissection of 
uncinate process. As the head of the pancreas is 
approached, it is essential to defi ne accurately the 
course of the common bile duct. This is achieved 
by identifying the common bile duct above the 
fi rst part of duodenum and passing a sling around 
the duct. A blunt forceps is passed, within the 
concavity of the C-loop of the duodenum, behind 
the duodenum; the sling is then grasped and 
brought out above the head of the pancreas. This 
becomes the guide to the position of the common 
bile duct during subsequent dissection. The head 
can now be mobilized safely. The superior and 
inferior pancreaticoduodenal vessels are ligated 
and divided; the pancreatic duct is identifi ed, 
ligated with non-adsorbable ligature, and divided 
and pancreatic resection completed [ 30 ,  31 ] 
(Fig.  25.3 ).  

25.8.1.2     Laparoscopic Procedure 
 A 10-mm Hasson port is inserted at the umbilicus 
through an open technique for a 30° scope (this 
large port allows the retrieval of the pancreas after 
resection). The following ports are inserted under 
direct vision: a 5-mm port in the left lower quad-
rant, a Nathanson retractor in the epigastrium (to 
retract the stomach), and a further working port 

(3 or 5 mm) in the right fl ank. The gastrocolic lig-
ament is divided and the lesser sac entered. The 
Nathanson retractor is used to retract upward the 
stomach. A stay suture is placed into the pancre-
atic tail and used to retract the gland. Dissection 
proceeds from the tail toward the head; the short 
pancreatic vessels are divided using a 3-mm hook 
diathermy at very high coagulation settings. The 
pancreatic tail is resected using harmonic scal-
pel and removed through the umbilical port. The 
tail is sent for frozen section analysis to confi rm 
the diagnosis. Further dissection is facilitated by 
the insertion of a stay suture at the cut surface 
of remaining pancreas. The pancreas is resected 
in segments of about 2 cm. To facilitate exci-
sion of the head, a stay suture is placed in the 
uncinate process and a second one in the head of 
the pancreas, which is retracted superiorly. Near-
total pancreatectomy is performed by leaving a 

a

b

  Fig. 25.3    Open near-total pancreatectomy, during the 
dissection ( A ) and at the end of the procedure ( B ) (* 
splenic artery; # splenic vein; § pancreas; @ spleen;  arrow  
ligated Wirsung)       
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small rim of pancreas along the medial border of 
the duodenum, where the common bile duct is 
expected [ 30 ,  31 ]. As in the open procedure, the 
pancreatic duct is ligated with non-adsorbable 
suture.   

25.8.2     Surgery for Focal CHI 

 In patients with focal CHI, the goal of surgery is 
the resection of the lesion, sparing healthy pan-
creatic tissue, and eventually the cure of the dis-
ease without complications. 

 As in diffuse CHI, three intraoperative biop-
sies are performed for frozen section. Histology 
may reveal the presence of the focal lesion or a 
normal pancreas with resting or suppressed islet 
cells, excluding a diffuse CHI. The pancreas is 
then inspected and palpated for a nodular area, 
which can indicate the site of the focal lesion. 
These lesions differ from insulinoma: their size 
usually varies between 3 and 7 mm in diameter, 
they are not provided with capsule, and their 
architecture and structure are preserved. In the 
rare cases of superfi cial lesions, they may be sim-
ply enucleated, remembering that lesions often 
have small branches extending in the surrounding 
tissue. In case of lesions located deep in the 
parenchyma, the surgical access differs accord-
ing to the location of the lesion. If the focal lesion 
is deep in the head or neck of the pancreas, open 
resection of the lesion with a rim of surrounding 
normal pancreatic tissue is recommended. A pan-
creaticojejunostomy is then performed to allow 
drainage of distal pancreas. For the lesion in the 
tail or body, a distal pancreatectomy may be 
done, by laparotomy or laparoscopy, as in the dif-
fuse form. In any case, an adequate resection 
margin has to be confi rmed by frozen section 
analysis [ 29 ,  30 ].  

25.8.3     Complications and Outcomes 

 The most serious surgical complication in near- 
total pancreatectomy, or in partial resection for 
focal lesions in the head of the pancreas, is biliary 
tree injury, with an incidence of 2–15 %. 

 Moreover, if more than 90 % of focal CHI 
cases were proven to be cured after surgery 
[ 15 ], in diffuse CHI, reported complications 
include recurrent hyperinsulinemic hypogly-
cemia (sometimes requiring further pancreatic 
resection) and pancreatic endocrine and exocrine 
insuffi ciency. 

 In large series, only 25 % of patients with dif-
fuse CHI were well controlled postoperatively 
with no medications, while up to 58 % of cases 
required medical treatment for persistent hypo-
glycemia and up to 33 % needed further pancre-
atic resection. 

 The need for pancreatic enzyme replacement 
ranged from 4 to 37 %, and postoperative diabe-
tes mellitus was reported in 12–56 % of patients 
[ 30 ]. The long-term metabolic outcome of these 
patients is even worse. Beltrand reported that 
hyperglycemia was found in 53 % of 58 patients 
after surgery, but this incidence increased regu-
larly with age, reaching 100 % at the age of 13 
years. Similarly, the incidence of insulin therapy 
increased from 19 % postoperatively to 42 % at 8 
years and 91 % during adolescence [ 32 ].      
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26.1          Introduction 

 Hepatobiliary pediatric surgery remains rare and 
should be, for some pathologies such as biliary 
atresia and hepatic transplantation, performed in 
very specialized pediatric centers. 

 On the other hand, other pathologies are com-
mon, and most of the pediatric surgeons must be 
able to take care of these children. Firstly, we will 
establish some considerations about biliary stones, 
either in the gallbladder or in the common bile 
duct, about some congenital abnormalities (chole-
dochal cyst, biliary atresia) and a quick overview 
on how to manage hepatobiliary trauma. Then, we 
will talk about some pancreatic conditions, which 
can sometimes require a surgical approach.  

26.2     Biliary Stones 

 Even though biliary stones can be found at any 
age, from fetal life to adolescence, this pathology 
remains quite rare in children. Cholelithiasis 

occurs in 1 % of children, mainly due to hemo-
lytic disorders and distal ileum pathology in 
infancy and dyslipidemia in adolescents [ 1 ]. Sex 
ratio is about 4 to 1 with a female preponderance 
at the age of adolescence. 

26.2.1     Etiologies 

 In about 30 % of cholelithiasis, no cause is 
identifi ed. This means that an etiology is deter-
mined in 70 % of the cases. Hemolytic disor-
ders (spherocytosis, sickle cell disease, 
thalassemia) are probably the most frequent 
causes. A congenital abnormality of the bile 
duct can also be found (stenosis, choledochal 
cyst). During fetal life, cholelithiasis can occur 
at any time. The appearance of cholelithiasis 
after 30 weeks of gestation, without any risk 
factors, is associated with a satisfying prenatal 
and neonatal clinical course [ 2 ]. Ceftriaxone 
has been reported as a possible cause for pseu-
dolithiasis formation, with associated risk fac-
tors being fasting and bed rest [ 3 ]. 

 An increase in the frequency of cholecystec-
tomy in children has been described during the 
last decades, mainly explained by the fact that 
more and more cholecystectomies are performed 
in children, not only for gallstone disease but also 
for dyskinesia of the gallbladder [ 4 ]. In this pop-
ulation, obesity is predominant. However, the 
risk of developing gallstones for obese children 
and adolescents during a lifestyle intervention is 
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reported to be limited and mainly related to 
weight loss. Patients who lost more than 10 % of 
their initial body weight were exposed to develop 
more lithiasis, with an even higher prevalence in 
those who had lost more than 25 % of their initial 
weight [ 5 ].  

26.2.2     Clinical Signs and 
Complications 

 Abdominal pain in the right upper quadrant is the 
most frequent sign, sometimes associated to a 
positive Murphy sign. If the patient is febrile, a 
cholecystitis should be suspected. Jaundice is 
highly associated with lithiasis in the common 
bile duct (CBD). 

 Prenatal diagnosis can be done, usually during 
the third trimester. Cholelithiasis at this age has 
been reported to be associated with some fetal 
and maternal conditions such as hydramnios, 
congenital anomalies (gastrointestinal, cardiac), 
or Down syndrome [ 6 ]. 

 Complications are possible: migration of cho-
lelithiasis in the CBD is responsible of jaundice, 
hepatic cytolysis, and sometimes pancreatitis. If 
the patient is febrile, cholecystitis or angiocholi-
tis must be suspected. In this last case, pain in the 
right upper quadrant associated with fever and 
jaundice is typical.  

26.2.3     Preoperative Workout 

 A blood workout should be done to determine a 
cause for cholelithiasis (dyslipidemia, hemolytic 
disorders). Hepatic enzyme and lipase should 
also be done to rule out any complication.  

26.2.4     Treatment 

26.2.4.1     Elective Cholecystectomy 
 For a child with a short bowel syndrome on 
whom the surgery should be discussed because 
sometimes very diffi cult to perform regard-
ing the previous surgery, ursodeoxycholic acid 
(Ursofalk®, Vifor Fribourg, Switzerland) could 

be a treatment of choice to prevent cholelithia-
sis occurrence. This treatment seems effective in 
prevention, but also as a postoperative treatment 
after obesity surgery [ 7 ]. 

 In patients with hematologic disorders, 
 cholecystectomy should be performed even if 
the patient is asymptomatic, in order to prevent 
the potential complications of biliary colics, 
acute cholecystitis, and choledocholithiasis, 
which leads to major risks in this population. 
Laparoscopic cholecystectomy is the procedure 
of choice, as it has become the gold standard over 
the last year. Recently, an interest for a single- 
port surgery has been published. Although this 
needs confi rmation, it does not seem to offer 
more advantages than classic laparoscopic chole-
cystectomy [ 8 ,  9 ]. Robotic surgery in this indica-
tion has also been reported, but it remains 
reserved to a few pediatric centers [ 10 ]. At last, it 
seems that performing this surgery with a same- 
day discharge does not generate an increase in 
complication rate in children [ 11 ]. 

 On the other hand, asymptomatic cholelithia-
sis in patients without any associated comorbid-
ity should be simply monitored with an ultrasound 
exam every year. Although the natural history of 
this lithiasis remains misunderstood, an elective 
cholecystectomy can be indicated if the child has 
to spend time away from health-care access. 

 Cholelithiasis which has been diagnosed pre-
natally usually presents a good prognosis without 
surgery. It sometimes disappears spontaneously; 
in case of migration, a transhepatic washout of 
the common bile duct can be performed.  

26.2.4.2     Treatment of Complications 
•      Acute cholecystitis : The main debate in litera-

ture is on the optimal moment to perform the 
laparoscopic cholecystectomy, whether it 
should be early (ELC) or delayed (DLC). A 
paper from the Cochrane database published in 
2013 [ 12 ] found no signifi cant difference 
between early (within 7 days) and late laparo-
scopic (after 6 weeks) cholecystectomy on the 
primary outcomes (bilious complications). 
However, trials with high-bias risk indicate 
that early laparoscopic cholecystectomy dur-
ing acute cholecystitis seems safe and may 
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shorten the total hospital stay. More recently, 
ELC appears as safe and effective as DLC. ELC 
might be associated with lower hospital costs, 
fewer workdays lost, and greater patient satis-
faction [ 13 ]. In children, there are no random-
ized control trials. A retrospective study 
reports an identical rate of complications and 
conversion for early and delayed cholecystec-
tomy [ 14 ]. Most of the time, such complica-
tions occur on patients with hematologic 
disorders, and preoperative conditions can be 
poor. Thus, time to improve the clinical condi-
tion before surgery is necessary, making the 
ELC rarely feasible within the 3 days. The bil-
ious complications reported to be less than 1 % 
in this indication [ 15 ], and precise guidelines 
for appropriate patient selection, adequate 
experience, and proper laparoscopic technique 
are absolutely necessary.  

•    Common bile duct (CBD) stones : A sequential 
approach with endoscopic retrograde cholan-
giopancreatography (ERCP) and endoscopic 
sphincterotomy (ES) followed by a laparo-
scopic cholecystectomy is an effective and 
standardized treatment of CBD stones in adults.    

 In children, this treatment remains controver-
sial. Although experience with diagnostic and 
therapeutic ERCP with ES in children has grown 
during the past few years [ 16 – 18 ], the data con-
cerning safety and technical outcomes is poor in 
comparison with ERCP in adults [ 19 ]. Moreover, 
performing an ERCP requires almost systemati-
cally general anesthesia (GA) in children [ 18 ]. At 
last, long-term consequences of ERCP with ES 
on the papilla and cancer risk in children have yet 
to be evaluated. For these reasons, a one-stage 
total laparoscopic treatment of CBD stones in 
children has been demonstrated to be as effective 
as the others options allowing to clear the CBD in 
72 % of the cases with a simple washout of the 
duct in majority of the cases [ 20 ].  

26.2.4.3     A Few Words About 
Technique 

 Different positions are possible for laparoscopic 
surgery, but the best remains the “French posi-
tion” with the operator between the patient’s legs, 

the assistant on the patient’s left, the scrub nurse 
on the patient’s right side, and the monitor close 
to the patient’s right shoulder. 

 A three-port technique (two operative ports 
and one port to present the gallbladder) is the 
most common. It can also be done using a single 
transumbilical port and a special instrument dedi-
cated to or even two ports with a transabdominal 
stitch to expose the gallbladder. The dissection of 
the Calot triangle is most of the time the fi rst step 
of the surgery with the left hand holding onto the 
gallbladder and the right hand performing the 
dissection. In children, the cystic artery rarely 
requires a clip or a knot; the monopolar hook is 
effective in most of the cases. At this point, we 
prefer to control the cystic duct by an intracorpo-
real knot instead of clip since complications have 
been reported with clips. The second step usually 
consists of a retrograde cholecystectomy. In case 
of cholecystitis, anterograde cholecystectomy is 
sometimes more accessible, the pedicle being 
diffi cult to dissect because of infl ammation and 
edema. Cholecystectomy should begin once the 
cystic duct has been completely isolated. 

 If the preop medical history and ultrasound 
are highly in favor of a CBD stone, the catheter-
ization of the cystic duct and a transcystic wash-
out should be performed. A Fogarty or a Dormia 
catheter can be used. In case of failure to clear the 
CBD, postoperative ERCP can be useful.    

26.3     Congenital Malformations 

26.3.1     Choledochal Cyst (CC) 

26.3.1.1     Introduction and Etiology 
 A choledochal cyst is a cystic dilatation of the 
common bile duct, which occurs in approximately 
1 to 10.000–13.000 live births, more commonly in 
girls (3–4:1) and is more frequent in Asia (up to 
1:1000), especially in Japan. There are two princi-
pal hypotheses: the pancreatic refl ux hypothesis 
and the obstructing segment hypothesis. The main 
anatomical disorder seems to be an abnormality 
of the pancreaticobiliary junction with the termi-
nal bile duct and pancreatic bile duct having a 
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long common channel (more than 1 cm from the 
sphincter). This could explain the refl ux of the 
pancreatic secretion and enzyme in the common 
bile duct and the chronic infl ammation induced 
[ 21 ,  22 ]. The weakness of the bile duct wall or an 
obstruction of the distal choledochus or both can 
be also incriminated [ 23 ]. More recently, it has 
been suggested that there were fi nally two major 
entities explaining the CC malformation. One 
entity consists of a high pressure in the bile duct, 
usually diagnosed prenatally and in relation with 
a congenital obstruction leading to the dilatation. 
In this case, amylase dosage in the cyst, used as a 
marker of refl ux, is low. The second entity is in 
relation with a pancreatic secretion refl ux into the 
bile duct, with a high amylase level in the cyst, 
and pancreatitis instead of jaundice is the most 
important clinical sign [ 24 ].  

26.3.1.2     Clinical Signs 
and Complications 

 Prenatal diagnosis can be made by showing a cyst 
in the hepatic area. Differential diagnostics 
include a duplication cyst, biliary atresia, or even 
ovary cyst in a female. A fetal MRI can be per-
formed. At birth, stool color should be closely 
monitored in order to avoid a late diagnosis of 
biliary atresia. 

 Otherwise, jaundice, cholangitis, and pancre-
atitis are frequent complications if the cyst is not 
diagnosed until later, usually within the fi rst 
decade of life. It can also be diagnosed through a 
palpable mass in the right upper quadrant, some-
times associated with pain and jaundice, forming 
the classic triad, only present in less than one 
third of the patient.  

26.3.1.3     Preoperative Workout 
 MRI is the most useful tool to confi rm the diag-
nosis and plan the surgery. It allows the surgeon 
to determine the anatomy of the common channel 
and the presence of an accessory bile duct. It also 
has the advantage of replacing the ERCP which 
used to be done before surgical treatment of 
CC. A classifi cation has been established in fi ve 
types: type I (cystic or fusiform dilatation) is the 
most common type. Type IV involving the hepatic 
duct convergence is the second most  frequent 

type. The others remain rare. A special type V 
also called Caroli disease involving the entire 
biliary tract has been described. Recently another 
classifi cation from the King’s College of London 
has been reported, establishing a difference 
between the cystic and the fusiform dilatation of 
the type I in relation with either a stenosis or a 
refl ux [ 24 ]. Contrast study of the biliary tract 
should be performed during the surgery in order 
to appreciate perfectly the anatomy before any 
resection and sometimes dose the amylase in 
bile. Additionally, a preoperative hepatic biopsy 
to evaluate the hepatic fi brosis must be done.  

26.3.1.4     Treatment 
 Surgery is the only treatment. It can be performed 
either with an open approach or laparoscopically 
or even with a robot. Numerous papers have 
already been published on the laparoscopic 
approach of the CC. Concern on the type of bili-
ary intestinal anastomosis that should be done 
remains controversial. Liem NT in an extensive 
series of 400 patients and comparing biliary- 
digestive continuity reestablished by hepatico-
duodenostomy (HD) or hepaticojejunostomy 
(HJ) showed no difference in term of postopera-
tive cholangitis (1.6 % vs 0.5 %) [ 25 ]. Timing of 
surgery remains also discussed for prenatally 
diagnosed CC. A randomized control trial has 
been carried out, comparing a group of patients 
operated on before 1 month with another group 
operated on after the age of 1 month [ 26 ]. During 
the fi rst month of life, 32 infants out of the 68 
fetuses diagnosed with CC became symptomatic 
(e.g., developed jaundice) and were excluded 
from the trial. Grades III and IV hepatic fi broses 
were signifi cantly more common in the late oper-
ation group and in patients who were diagnosed 
during early pregnancy, which pleads in favor of 
early surgery for neonates with a prenatal diagno-
sis of CC.  

26.3.1.5     A Few Words About Technic 
 Patient’s installation is the French position. Trocar 
placement is the same used for a cholecystectomy. 
Technically, laparoscopic approach is making the 
resection and the anastomosis, while the Roux-
en-Y loop is usually done through an umbilical 
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approach which is quicker than a total intracorpo-
real reconstruction [ 27 ]. The minimal handling of 
the bowel when it’s done intracorporealy appears 
to minimize postoperative ileus and allows for 
early postoperative feeding and discharge between 
4 and 8 days. Starting with the gallbladder dissec-
tion and ligation of the cystic, and hanging it to 
put it down, allows visualizing easily the top of 
the cyst, the biliary convergence, and eventually 
an accessory bile duct. Also, a contrast study can 
be done through the cystic duct. Make the dissec-
tion of the cyst; opening it or not is depending on 
the surgeon’s preferences. We could say that, in 
case of infl ammation and diffi culties, for a better 
security, avoiding to injure the portal vein, open-
ing the cyst, and making the dissection as close as 
possible from the cyst are safer. Not ligating the 
distal stump is a feasible approach for managing 
CC with stenotic distal choledochus. It simplifi es 
the operative procedure and may minimize pan-
creatic duct injury [ 28 ]. 

 Attention should be paid to late complica-
tions, other than cholangitis that has been pub-
lished with intrahepatic gallstones formation. 
This is commonly attributed to the remaining 
intrahepatic bile duct dilatation and the stenosis 
located between the intrahepatic bile duct dilata-
tion and the common hepatic duct. Accordingly, 
these results support the total excisional proce-
dure for this condition. However, regarding the 
cases associated with cystic dilatation of intrahe-
patic bile ducts, completely free bile drainage 
from the dilated intrahepatic biliary system 
should be performed at the radical operation [ 29 ].   

26.3.2     Biliary Atresia 

26.3.2.1     Defi nition 
 Biliary atresia is a neonatal obliterative cholangi-
opathy affecting both intra- and extrahepatic 
parts of the biliary system.  

26.3.2.2     Pathogenesis 
 The histological appearance of the liver is char-
acterized by portal tract edema, bile duct plug-
ging and proliferation, and a small cell and 
variably giant cell infi ltrate with an infl ammatory 

process. Progression of the condition results in 
cholestasis, hepatic fi brosis, and ultimately cir-
rhosis. Experimental, genetic, and epidemiologic 
studies have not yet reach an agreement on the 
origin of the disease. The main hypothesis is a 
combination of toxic, immunologic, and genetic 
origin [ 30 ,  31 ].  

26.3.2.3     Epidemiology 
 Biliary atresia is a rare disease with an incidence 
in North America and Europe varying from 1 in 
15,000 to 1 in 20,000 live births. There is a west-
ern to eastern increase with the highest reported 
incidence from Taiwan and French Polynesia 
with about 1 in 5,000 live births [ 32 ,  33 ].  

26.3.2.4     Classifi cation 
•      The Japanese pediatric surgical  classifi cation 

is based on the level of obliteration of the 
extrahepatic duct, of which Type 3 (oblitera-
tion at the level of the porta hepatis) is the 
commonest, occurring in about 85 % of cases. 
Obstruction at the level of the common hepatic 
duct (Type 2) or common bile duct (Type 1) is 
much less common but carries a better prog-
nosis (Fig.  26.1a ).

•       Other surgical classifi cations  are based on the 
on the patency of both the gallbladder and the 
common bile duct in order to perform rather a 
Kasai portocholecystostomy (KPC) than a Kasai 
portoenterostomy (KPE) (Fig.  26.1b ) [ 34 ].  

•    The UK group developed a clinical classifi ca-
tion  based on the outcome:
    1.     Cystic BA  is that variant characterized by 

cystic change within otherwise obliterated 
ducts. The cyst communicates poorly with 
intrahepatic ducts, with a cloudy appearance 
on cholangiogram (Fig.  26.2 ). It should not 
be confused with true choledochal cysts. 
They usually have a better outcome than the 
isolated complete BA [ 35 ].

       2.     Biliary atresia splenic malformation 
(BASM)  is a peculiar constellation of 
anomalies and occurs in ~10 % of 
Caucasian series; Table  26.1  illustrates the 
associated anomalies. There is a marked 
detrimental effect of age at Kasai in this 
subtype than the isolated type of BA [ 36 ].
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       3.     CMV IgM positive associated biliary atresia  
is a recent entity with a poorer outcome than 
isolated BA [ 37 ].    

26.3.2.5          Diagnosis 

   Prenatal Diagnosis 
 Prenatal detection of BA is a rare situation, found 
on 20 patients over 15 years in our center (with 
about 20 pts/year referred for BA). Prenatal signs 
on ultrasound performed at the second trimester 
of gestation include:

    1.    Absence of the gallbladder: 35 % (although 
most of the prenatal absence of the gallblad-
der is benign and not related to BA)   

   2.    Cyst located on the liver hilum: 50 % 
 (differentials include choledochal cyst or 
duplication)   

   3.    Elements of the splenic malformation syn-
drome: 15 % (situs inversus, polysplenia, etc.)     

 Great care should be deserved for the prenatal 
counseling regarding the likelihood of BA, 
although a complete and early postnatal assess-
ment should be performed before the second 
week of life.  

   Neonatal Diagnosis 
 Infants with BA present with a conjugated jaun-
dice, dark urine, and pale stools. These signs are 
usually present from birth. Initially the infants 

  Fig. 26.1    Japanese classifi cation ( a ) and the “French” classifi cation ( b ) depending on the patency of both the gallblad-
der and common bile duct. Cystic BA is also included in this classifi cation       
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feed normally though their weight gain is subnor-
mal due to their inability to digest fat and soluble 
vitamins. The liver is usually enlarged and fi rm in 
older infants (e.g., more than 10 weeks), and there 
may be ascites and or splenomegaly indicating the 
onset of portal hypertension along with cirrhosis.  

   Diagnosis Work-Up 
 The diagnosis of BA is an operative diagnosis, 
but is accurate when performed preoperatively 
in more than 90 % of cases. In our institution, 
this is achieved by exclusion of various medi-
cal causes of conjugated jaundice (Fig.  26.3 ). 
Ultrasonography is equivocal of BA if it excludes 

intrahepatic bile duct dilatation (found in chole-
dochal malformation) and the absence, irregular, 
or very small gallbladder after a 4 hours long fast-
ing, and the specifi c triangular cord sign (which 
corresponds to the fi brotic remnant at the hilum) 
is found in about 80 % of cases [ 38 ] (Fig.  26.4 ). In 
our center, ERCP is indicated if there is any doubt 
regarding the color of stools or the presence of 
a gallbladder without the triangular cord sign on 
US. ERCP showing stained bile at the papilla or 
intrahepatic bile ducts excludes BA [ 39 ].

26.3.2.6          Surgery: The Kasai Operation 
 The fi rst step is to formerly establish the opera-
tive diagnosis of BA, by either the mean of a lim-
ited incision or by laparoscopy. The gallbladder 
patency is checked to see whether it is atretic or 
normal. If normal the cholangiogram is per-
formed and the steps are detailed in Fig.  26.5 . 
Once the diagnosis of BA is confi rmed (no opaci-
fi cation of the intrahepatic bile ducts), the scar is 
enlarged, the liver is exteriorized through the 
wound avoiding transection of the triangular liga-
ments, and the dissection is performed but only 
above the level of the portal and arterial bifurca-
tion in order not to compromise both the arterial 
vascularization of the liver and a further trans-
plantation. The remnant is excised leaving the 
liver capsule intact (Fig.  26.5 ). The third step is 
the reconstruction: mainly by a Roux-en-Y loop 
(Kasai portoenterostomy) performed at the level 
of the second jejunal limb, in an antegrade fash-
ion, and should be long enough (45 cm), both to 
prevent ascending cholangitis especially when 
the child is transplanted, as the extremity is 
chopped out (Fig.  26.5 ). Elements of the splenic 
malformation syndrome are checked for, and a 
Meckel’s diverticulum should be resected during 
the surgery, anti-adhesive barriers could be used 
to facilitate a hypothetic liver transplantation. In 
case of a patent gallbladder and main bile duct, 
we would rather perform the less common Kasai 
portocholecystostomy (Fig.  26.5 ).

   Referring the patient to a primary transplanta-
tion should probably only be considered when 
clinical imaging and biologic features of cirrhosis 
and portal hypertension are present (e.g., obvious 
ascites, widening of the small omentum, high 

  Fig. 26.2    Cholangiogram of a cystic BA showing that the 
cyst (K) communicates with the intrahepatic bile ducts, 
although these latest have a cloudy appearance. This is 
rather the feature of BA than choledochal malformation       

   Table 26.1    Recognized anomalies in the biliary atresia 
splenic malformation syndrome   

 Abnormality  Frequency (%) 

 Polysplenia/double spleen  98–95 
 Situs inversus  50 
 Preduodenal portal vein  45 
 Malrotation  30 
 Cardiac anomalies  25 
 Absent IVC  50–70 
 Annular pancreas  10 
 Asplenia  2–5 
 Immotile cilia syndrome  1 
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 fi gures of elastometry, parenchymal heterogene-
ity) especially when associated with signs of liver 
failure (raised INR and low albumin). 

  The role of the laparoscopy  for BA is still con-
troversial. Although laparoscopy for the diagnosis 
steps is not challenged, many high-volume cen-
ters, including those which have tried this tech-
nique, do not advocate using laparoscopy for the 
Kasai since the results have been proven to be 
worse compared to the open approach [ 40 ,  41 ]. 
However worldwide, in Japan and Brazil, some 
centers still use it with fair results, not compara-
tive, though, and diffi cult to recommend for this 
rare disease, with a likely long learning curve [ 42 ].  

26.3.2.7     Postoperative Complications 

   Ascending Bacterial Cholangitis 
 Cholangitis occurs most commonly in the days 
following primary surgery but can be delayed. It 
is recorded in about 40–50 % of cases in most 

  Fig. 26.4    Sagittal view of a hepatic ultrasonography, the 
triangular cord sign ( white arrow ) is located above the 
portal vein; this sign corresponds to the biliary fi brous 
remnant       

  Fig. 26.3    Algorithm to achieve an accurate diagnosis of BA 
in our center.  Abbreviations :  PH  portal hypertension,  LFT  
liver function tests,  CMV Cytomegalovirus ,  CF  cystic fi bro-
sis,  ERCP  endoscopic retrograde cholangiopancreatography       
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series and almost always occurs in children with 
at least some degree of bile fl ow, not those with 
early failure. Clinically, it is characterized by 
worsening jaundice, fever, and acholic stools. 
The diagnosis may be confi rmed by blood cul-
ture, but it is important to treat suspected cases 
early with broad-spectrum antibiotics effective 
against gram-negative organisms. 

  Bowel obstruction : It is diffi cult to diagnose as 
these infants do not have stained vomiting postop-
eratively. Pain, uncomfort, clear or bilious vomits, as 
well as high temperature (obstruction after the Roux-
en-Y limb) should raise the diagnosis. Adherence-
related bowel obstruction has become rare since the 
use of anti-adhesive barriers in our center; however, 
postoperative ileo- ileal intussusception is a rare 
cause of mechanic bowel obstruction and compro-
mises both the bile fl ow and the Roux-en-Y sutures. 
Peritonitis by anastomotic leak at the bottom limb of 
the Roux- en- Y is very rare, but the diagnosis and the 
adequate treatment are delayed as it is confused with 
an ascending cholangitis. 

  Inguinal hernia , usually occurring in about 
10 % of these infants, should be checked before 
discharge and repaired especially if the child has 
a successful Kasai [ 43 ]. 

  Biliary leakage  does not occur after Kasai 
portoenterostomy, but in Kasai portocholecys-
tomy. This technique is given up by most of the 
teams, even though the risk of leakage should be 
balanced with the risk of cholangitis.   

26.3.2.8     Results of the Kasai Operation 
 The earliest measurable outcome is clearance of 
jaundice to normal bilirubin values within 6 
months in large; typically multicenter series have 
varied from 27 to 57 %, translation into a 5- (or 
4)-year native liver survival of 37–52 % for the 
most recent cohorts [ 30 ,  44 – 46 ]. Uncorrected 
biliary occlusion causes progressive intrahepatic 
disease, and the longer this is allowed to persist, 
the more irreversible it becomes, explaining why 
age at surgery (especially before 6–8 weeks of 
age), although without obvious cutoff, has become 

  Fig. 26.5    Operative algorithm for biliary atresia.  GB  gallbladder,  KPE  Kasai portoenterostomy,  KPC  Kasai portocho-
lecystostomy,  BA  biliary atresia,  HBD  intrahepatic bile ducts,  HA  hepatic artery,  PV  portal vein       
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the main prognosis factor. Series from France,  the 
USA , and the UK suggest that about 30–45 % of 
the children may survive to reach 10 years of age 
with their native liver intact [ 33 ,  45 ,  46 ].  

26.3.2.9     Indication for Liver 
Transplantation 

 Biliary atresia is still the commonest indication 
for liver transplantation during childhood and is 
indicated in case of: 

  Failure of Kasai (persistence or recurrence of 
jaundice) with any of the following : 

 Failure to thrive, liver failure which can be 
precipitated by infection, portal hypertension 
with uncontrolled esophageal varices, portopul-
monary syndrome, onset of pulmonary hyperten-
sion, and recurrent cholangitis 

  In patients who have a sustainable success-
ful Kasai , portal hypertension may benefi t 
from either surgical or transjugular intrahe-
patic portosystemic shunts. Recurrent ascend-
ing cholangitis can be treated by the revision of 
Roux-en-Y which may be too short or having a 
mechanic chronic obstruction (role of a HIDA 
scan) [ 47 ]. 

 The 5- and 10-year actuarial survival rates of 
patients that underwent liver transplantation for 
biliary atresia in France and the USA are 82–87 % 
and 82–86 %, and the 5- and 10-year graft actu-
arial survival rates are 73–76 % and 71–72 %, 
respectively [ 48 ,  49 ].   

26.3.3     Hepatic Trauma 

 The spleen and the liver are the most frequent 
solid organs involved in traumatology. Their 
damage is present in 5 % of pediatric blunt 
abdominal trauma with 52 % hepatic injury and 
43 % splenic injury, and in 5 % both organs are 
injured [ 50 ]. The most frequent mechanism is 
motorized vehicle accident, the child being 
either a pedestrian hit by car or a car passenger. 
Penetrating trauma is rare. Apparent benign 
blunt abdominal trauma occurring in a back-
yard or during sport activities can also lead to 
liver injury. 

26.3.3.1     Assessment 
 As for all patients presenting with abdominal 
trauma, ABC should be performed at the arrival 
in the trauma room [ 51 ]. Two intravenous 
accesses is the rule. At the end of this fi rst 
assessment, you should be able to know what 
exam to perform, either a FAST evaluation or a 
total body CT scan. Based on 136 papers 
accepted among 900 on pediatric abdominal 
trauma, Sang-Woo Pak speculated in 2013 that 
if the clinical exam shows abdominal wall or 
lower chest bruising, abdominal pain or tender-
ness, and/or low blood pressure without shock, 
a FAST scan and a blood work should be per-
formed searching for liver enzyme increase. In 
case of anomalies, a CT scan can be discussed. 
If not, the patient can be admitted to the ward 
for monitoring [ 52 ].  

26.3.3.2     Treatment 
 The liver has a tremendous capacity of heal-
ing, and the success rate has been reported to 
be between 82 and 100 % [ 53 ]. The treatment is 
mainly guided by the patient’s hemodynamic sta-
tus more than by the liver injury scale [ 54 ]. The 
initial management should follow the Advanced 
Trauma Life Support (ATLS) principles of aggres-
sive fl uid resuscitation, guided by monitoring of 
central venous pressure and urinary output [ 51 ]. 
Actually, the only indication of surgery is the 
need for blood transfusion above 40 ml/kg (half 
body mass index). Nonoperative management 
involves admission to a unit and the monitoring 
of vital signs, with strict bed rest, frequent moni-
toring of hemoglobin concentration, and repeated 
abdominal examinations [ 55 ]. In case of failure, 
angio-embolization can be an interesting option. 
A perfect collaboration between the anesthesiol-
ogist, the interventional radiologist, and the sur-
geon is therefore crucial. Angio- embolization can 
be necessary either in a high- grade liver injury 
(grade IV and V) associated to unstable hemody-
namic or after a fi rst surgical procedure such as a 
packing when the patient remains unstable [ 56 ]. 
Success has been reported to be between 68 and 
87 % [ 56 ]. Complications can be related to the 
nonoperative management (liver hematoma, false 
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aneurysm, biloma, or biliary ascites) or to angio-
embolization (hepatic necrosis, liver abscess). 
Incidence increases accordingly with the grade 
of injury. In a series of 337 patients with liver 
injury grades III–V treated nonoperatively, those 
with grade III had a complication rate of 1 %, 
grade IV 21 %, and grade V 63 % [ 57 ]. Patients 
with grades IV and V injuries are more likely to 
require surgery and to develop complications of 
nonoperative treatment. 

 If the patient requires surgery because of 
instability, laparoscopic approach has no place. 
Through a midline incision, after a complete 
exploration of the abdominal cavity, the surgeon 
should be able to see the liver fracture and starts 
by packing with surgical dress. Indeed, severe 
coagulopathy, acidosis, and hypothermia can 
occur in case of important hemorrhage and make 
the resuscitation challenging to save the patient. 
Initial control of hemorrhage and contamination 
followed by packing and temporary abdominal 
closure, ICU restoration of normal physiology, 
and delayed defi nitive repair is also well known 
as “the damage control” technic. The group at 
the University of Pennsylvania has popularized 
this technic in 1993 [ 58 ]. If the patient remains 
unstable, an attempt to see where the bleeding 
comes from should be done carefully, especially 
in case of hepatic vein rupture. Indeed, if the sur-
geon tries to bring down the liver with his hand, 
the risk of aggravating the hepatic vein lesion is 
major. The next step would be the Pringle maneu-
ver, which consists in clamping the whole hepatic 
pedicle. This maneuver is controversial, but it can 
be maintained up to 1 h without compromising 
the blood supply to the liver. Despite this, if the 
patient continues to be unstable, the next step is to 
clamp the inferior vena cava. After this, surgeon 
should consider performing a hepatic resection in 
case of continuous bleeding or repair a hepatic 
vein or vena cava injury. 

 The treatment of a bile leakage is most of the 
time a conservative treatment. A simple drainage of 
the ascites or a cholecystostomy can be done if the 
leak is heavy with a considerable amount of asci-
tes. Stenting the bile duct through radiologist inter-
vention is another interesting and valid option [ 59 ].  

26.3.3.3     Posttrauma Care 
 For isolated liver injury, a guideline with the 
number of hospitalization days has been pub-
lished depending on the grade of the injury 
from 2 to 5 days for grade I to grade IV [ 60 ]. 
An even shorter hospital stay has been also 
reported with a discharge at day 1 or 2 after the 
trauma [ 61 ,  63 ]. Considering the risk of sec-
ondary bleeding, it could be safer to keep the 
patient to the hospital longer especially in case 
of high-grade liver injury.   

26.3.4     Hepatoblastoma 

26.3.4.1     Epidemiology 
 Hepatoblastoma (HBL) is the most common 
malignant hepatic tumor in children typically 
seen in the fi rst 3 years of life. Incidence is 
about 1.2–1.5 cases per million [ 62 ]. Those 
that occur after 5 years of age, formerly called 
transitional hepatocellular carcinoma (HCC), 
tend to have a worse prognosis, probably 
because their behavior is similar to a HCC [ 63 ]. 
Most HBLs do not have an abnormal genetic 
background, but predisposing factors include 
trisomy 18,  Beckwith- Wiedemann syndrome, 
familial adenomatous polyposis, and prematu-
rity [ 64 ].  

26.3.4.2     Clinical Presentation 
 The most common presentation is an isolated 
abdominal mass. As some HBL found to have an 
HCG excretion, mild signs of virilization should 
be looked for. They rarely present signs of rup-
ture, i.e., acute abdominal pain with guarding or 
contracture. 

   Investigations 
  α-fetoprotein (α-FP)  is the key marker in HBL 
and its level has a prognostic value. An abnormal 
level of α-FP (below 100 IU/l or higher than 1 
million IU/l) predicts a poor outcome whether it 
correlates with tumor pathology or not. α-FP is 
excreted by the fetal liver and is increased at 
birth but should decrease to a normal level (i.e., 
5 IU/l or ng/ml) after 1 year of age. In infants 
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with a malignant liver tumor and a normal AFP, 
the diagnosis of a rhabdoid tumor of the liver 
should be evoked. α-FP may be increased in var-
ious other malignant or benign conditions 
(Table  26.2 ).

    Human chorionic gonadotropin (HCG)  hor-
mone is a marker, which might be raised in some 
HBL, although its prognosis value has not yet 
been determined. 

  Liver ultrasound with Doppler  is used to 
assess the intrahepatic extent of the tumor and 
patency of the portal and hepatic veins. 

  Thoracoabdominal CT scan  (with arterial and 
mixed portal and venous phases) is used to assess 
the input and output blood vessels of the liver and 
is sent for review in national referral centers in the 
SIOPEL or COG studies to set up the  pretreatment 
extent (PRETEXT)  of disease [ 64 ]. The PRETEXT 
is used for locoregional involvement only. The 
PRETEXT relies on the Brisbane classifi cation 
with sections (right posterior, right anterior, left 
anterior, and left lobe) outlined by the right, 
median hepatic veins and the umbilical fossa 
(Fig.  26.6 ). The PRETEXT formula is for num-
bers of adjacent tumor-free sections. Pulmonary 
lesions documented on the chest CT scan are con-
sidered as unequivocally metastatic if there is one 
nodule > 10 mm or several nodules with at least 
one > 5 mm. In the other cases, the metastases will 
be considered as doubtful, and a surgical biopsy of 

one of the nodules should be discussed. Patient 
with a PRETEXT equal or superior to III or/and 
with either P2 or V3 should be, before chemother-
apy, referred for a possible liver transplant, which 
may happen promptly according to the extent of 
disease, after neoadjuvant chemotherapy.

    Pretreatment biopsies  are strongly rec-
ommended in European protocols and may 
exclude other differential diagnoses such as 
liver metastases of a yolk sac tumor, benign liver 
tumors, and HCC in older children. Biopsies are 
carried out with a minimum of 5 and preferably 
10 cores and should also include a biopsy of the 
adjacent non- tumoral liver whenever possible. 

 Different pathologic subtypes consist of epi-
thelial, fetal, or mixed fetal and epithelial hepato-
blastoma. Small cell undifferentiated carcinoma 
(SCUD) is a special subtype with a worse prog-
nosis [ 65 ]. Transitional hepatoblastoma/carci-
noma is defi ned by the age rather than by the 
pathology [ 66 ]. Children are then classifi ed into 
three risk groups according to outcomes identi-
fi ed in previous SIOPEL studies. This is based on 
clinical data, tumor biology, imaging, and pathol-
ogy (Table  26.3 ).

26.3.4.3         Chemotherapy: The 
European Experience 

 The chemotherapy of hepatoblastoma is based on 
 platin family  and  anthracyclines . Neoadjuvant 
chemotherapy has been administered to all 
patients in SIOPEL protocols as compared to the 
North American protocol, although this may 
change in the future. The type and frequency of 
drug administration are reported in Fig.  26.7 , as 
well as the timing of surgery.

26.3.4.4        Surgery 
 Careful preoperative assessment is mandatory 
before surgery. Patients should be referred to a 
radiologist and a surgeon with expertise in liver 
resection and imaging. Early referral after diagno-
sis improves surgery planning. After the chemo-
therapy, preoperative assessment includes CT 
scan and post-neoadjuvant chemotherapy 
(POSTEXT) evaluation coupled with operative or 
preoperative Doppler ultrasound to carefully 
identify the limits of the tumor with the main 

   Table 26.2    Elevation of α-fetoprotein (α-FP)   

 Physiological  Newborn until 1 year 
 Liver regeneration 
 Pregnancy 

 Nonneoplastic 
conditions 

  Congenital persistence of AFP  
 Acute/chronic hepatitis 
 Hemochromatosis 
 Tyrosinemia 
 Ataxia-telangiectasia 
 Cirrhosis 

 Neoplasia 
   Benign  Mesenchymal hamartoma 

 Hemangioendothelioma 
   Malign  Hepatoblastoma 

 Hepatocellular carcinoma 
 Mixed fi brolamellar carcinoma 
 Yolk sac tumors 
 Pancreatoblastoma 
 Acinar cell carcinoma of the pancreas 
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  Fig 26.6    The PRETEXT classifi cation in the liver       

hepatic vessels. α-FP decrease should be 
 monitored and documented. Echocardiography is 
mandatory in order to assess both anthracycline- 
related toxicity and the tolerance to a potential 
hepatic vascular exclusion. For these large tumors 
with a poor prognosis in case of local relapse, 
both minimally invasive surgery and wedged sur-
gical excision are not recommended. Transverse 
or subcostal laparotomy is performed. The 
abdominal cavity is inspected. The hepatic pedi-
cle is encircled by a tape in prevision of a Pringle 

maneuver, triangular ligaments are sectioned, and 
total vascular exclusion of the liver is prepared. 
Anatomic resection of the liver is performed via 
vascular ligature of the infl ow to the involved part 
of the liver. Transection is done with the help of 
either thermic or ultrasound sealing devices. The 
aim is complete microscopic resection of the 
tumor with minimum blood loss and avoiding air 
embolism via the main hepatic veins. This is why, 
in our experience, we perform a brief total vascu-
lar exclusion of the liver (i.e., less than 30 min) 
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when the tumor borders are in the vicinity of the 
hepatic veins. Morbidity of this procedure is low 
given that the remaining liver parenchyma is 
healthy.  

26.3.4.5     Liver Transplantation 
 In current protocols LT is recommended for 
PRETEXT IV or sometimes PRETEXT III patients 
with uncertainty on surgical margins prior to liver 
resection, providing that the children are cleared of 
their lung metastases either by chemotherapy or 
surgery. Liver transplantation is not currently con-
sidered as a treatment of local relapses [ 67 ].  

26.3.4.6     Relapses 
 Treatment strategy for recurrent HBL has not 
been standardized, but either local or distant (the 
lungs, peritoneal, and brain) relapses can be 
managed with platin, doxorubicin, irinotecan, 
and high doses of cyclophosphamide. Surgical 
removal or radiofrequency ablation (RFA) of 
detectable tumor foci is recommended whenever 
feasible either at diagnosis of relapse or follow-
ing chemotherapy for patients with non- 
resectable disease. A recent paper from the 
SIOPEL group, compiling SIOPEL 1–3 studies, 
showed that relapse was local in 36 %, metastatic 
in 55 %, and combined in 9 % of children. Fifty-
two percent of children achieved a second com-
plete remission, 58 % of them were alive after a 
median of 84 (range 3–175) months, and 32 % 
were alive in complete remission after a second 
relapse, which proves that treatment of relapse 

combining surgery, RFA, and chemotherapy is 
effi cient [ 68 ,  70 ,  71 ].    

26.4     Pancreatic Pathology 

26.4.1     Solid Pseudopapillary 
Pancreatic Tumor (Frantz 
Tumor) 

26.4.1.1     Introduction 
 Solid pseudopapillary tumor (SPPT) of the pan-
creas is a rare tumor representing 1–2 % of all 
pancreatic tumors. Its incidence in infant has been 
reported between 8 and 16 % [ 69 ]. The tumor is 
predominant in Asian and African American 
women [ 72 ,  73 ]. Usually it is described as a low-
grade malignant potential, but in older men it 
appears more aggressive [ 74 ]. In 2003, a review 
of the pediatric literature reported 92 cases in chil-
dren with an average age of 10.5 years (range 
8–16 years) and a male/female ratio of 1:4 [ 75 ].  

26.4.1.2     Clinical Presentation 
 Clinic is poor and patients are asymptomatic 
most of the time. Sometimes, a mass is palpable 
and is the main purpose for visiting a physician. 
Rarely, the tumor is painful and can mimic an 
acute abdomen related probably to an internal 
tumor bleeding [ 76 ]. Thus, diagnosis is often 
delayed, which explains the predominance of 
huge tumors, mostly in the upper part of the 
abdomen.  

   Table 26.3    Risk stratifi cation in current SIOPEL studies   

 Risk group  Criteria  Recommended protocol  Expected CR, EFS, OS 

 Standard risk   PRETEXT I–III  
 M0 P and V in involved sectors, E0, N0 
 100 < AFP 
 No SCUD 

  SIOPEL 6   3y CR = 99 % 
 3y EFS = 83 % 
 3y OS = 95 % 
 [ 66 ] 

 High risk  None of criteria of standard and very 
high risk groups 
 or 
  PRETEXT IV  
 M0 or P2 or V3 or E+ 

  SIOPEL 3 HR   3y CR = 89 % 
 3y EFS = 75 % 
 3y OS = 86 % 
 [ 67 ] 

 Very high risk  Metastatic 
 or 
 AFP < 100 IU/L (apart from very small 
tumors) 

  SIOPEL 4 HR   3y CR = 70 % 
 3y EFS = 77 % 
 3y OS = 79 % 
 [ 68 ] 
 Supportive care 
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a

b

c

  Fig. 26.7    Current SIOPEL protocols: SIOPEL 6 protocol 
for standard risk: CDDP, cisplatin; STS, sodium thiosul-
fate (ear protection). SuperPlado protocol in SIOPEL 3: 

C = cisplatin, D = doxorubicin, CA = carboplatin, 1 
arrow = 2 weeks. High-risk protocol in SIOPEL 4: C = cis-
platin, D = doxorubicin, CA = carboplatin       

26.4.1.3     Diagnosis 
 Usually, an ultrasound sonography and a CT scan 
make the diagnosis, showing an association of 
solid and cystic component. It is crucial to deter-
mine preoperatively if the tumor is malignant or 
benign. Yin has compared CT scan and MRI’s 

effi ciency in determining this [ 77 ]. In this paper, 
fi rstly, malignancy was more frequent in a group 
of patients aged from 11 to 19 years old, followed 
by a group aged from 50 to 65 years old. Secondly, 
the authors found that when the tumor was located 
in the tail and the size was equal or larger than 

 

26 Hepatobiliary Pediatric Surgery



366

6.0 cm, the positive and negative predictive value, 
sensitivity, and specifi city for a malignant SPN 
were 61.5 %, 100 %, 100 %, and 78.6 %, respec-
tively. Complete encapsulation was more frequent 
in benign tumors. Amorphous or scattered calcifi -
cations, all near-solid tumors, and the presence of 
upstream pancreatic ductal dilatation were associ-
ated with benignity. A well-marginated, large, 
encapsulated, solid, and cystic mass with areas of 
hemorrhagic degeneration, as revealed by high-
signal intensity on T1-weighted imaging, should 
be considered as a benign tumor [ 78 ].  

26.4.1.4     Pathology 
and Immunohistochemistry 

 Immunohistochemistry is recommended in order 
to establish the diagnosis. Antivementine anti-
bodies are positive in 90 % of the cases [ 79 ]. 
Anti- neuron-specifi c enolase  (NSE) and anti- 
alpha1- antitrypsine antibodies are positive in 
around 50 % of the cases [ 80 ]. Interestingly, hor-
monal receptor antibodies for progesterone and 
estrogenic hormone are positive in some tumors, 
raising the highly suspicious hypothesis of 
hormono- dependency and even more when it 
occurs on young female.  

26.4.1.5     Treatment 
 The only treatment is surgical. Radical resection 
with negative margins should be performed. Thus 
a pancreatectomy should be done if the tumor is 
either in the tail, the body, or the head [ 81 ]. 
Although the splenectomy associated with the 
resection has been already published, everything 
should be done to preserve it, keeping in mind that 
the margins should be negative. Pancreatic tissue 
sparing is the rule to limit the potential postopera-
tive endocrine and exocrine insuffi ciency. 

 Sometimes, because this tumor is surrounded 
by a dense fi brous capsule, an enucleation has 
been purposed as a possible surgical option [ 82 ], 
but appropriate surgical treatment is still contro-
versial in children. 

 The laparoscopic approach seems to be feasi-
ble and reported in 2003 by Carricaburu et al. 
[ 83 ] but quickly abandoned because of peritoneal 
metastasis recurrence several months after [ 84 ]. 
Recurrences after laparoscopic management may 

have been due to diffusion of tumor cells caused 
by gas insuffl ation especially during the biopsy. 

 Since this, Namgoong JM has published a large 
series of laparoscopic resection of SPPT in 2014 
[ 85 ]. Fourteen patients were operated on for a 
SPPT with distal pancreatectomy and spleen- 
sparing surgery for 70 % of the cases. Indeed, lapa-
roscopic distal pancreatectomy seems to be a good 
alternative over the open approach [ 86 ]. The 
median tumor size on pathology was 4.4 (range 
2.0–8.4) cm in the LDP group and 10.0 (range 
1.8–15.0) cm in the ODP group ( p  = 0.060) mean-
ing that this approach should be reserved to a 
tumor size under approximately 10 cm, assuming 
that larger tumor is more likely to present malig-
nancy. In this series, there was only one case of 
recurrence at 82 months after surgery. This was a 
localized recurrence without peritoneal dispersion. 
In conclusion, a biopsy should not be done during 
a laparoscopic approach in case of SPPT, but com-
plete resection should be attempted instead.   

26.4.2     Pancreatic Traumatism 

26.4.2.1     Background 
 Pediatric pancreatic injury is quite rare in chil-
dren and can be associated with surrounding 
organ injuries such as the duodenum, spleen, and 
liver. In adults, it can be potentially dangerous 
due to the location of the pancreas near the aorta, 
the superior mesenteric artery, and the vena cava. 
Diagnosis can be challenging due to his position 
as a retroperitoneal organ and eventually associ-
ated lesions on other organs. For this reason, lipa-
semia is often requested in the blood work for 
abdominal blunt trauma. In Europe, penetrating 
trauma is even more rare, and the pancreas injury 
is easier to diagnose since most of these patients 
would undergo a laparotomy. Blunt pancreatic 
trauma is the most common type of trauma mech-
anism in children, and it is typically seen after 
crashes involving a bicycle handlebar and road 
traffi c crashes. 

 The main question is if a patient with pancre-
atic injury should have a laparotomy and what 
could be the optimal management between con-
servative treatment and surgery. In case of sur-
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gery, different techniques can be discussed: 
resection, drainage, or, ideally, repair. None of 
these procedures have shown a real advantage 
over another.  

26.4.2.2     Diagnosis and Classifi cation 
 According to the pancreas injury scaling [ 87 ], 5 
grades have been described from the stage 1 with a 
hematoma or contusion to the complete head avul-
sion in the stage 5. A complete distal section is 
graded as stage 3. Diagnosis is correctly made 
with a CT scan showing edema, disruption, or 
even ascites, which can be very extensive in case 
of unknown injury. Endoscopic retrograde cholan-
giopancreatography (ERCP) has been evaluated in 
a retrospective study to assess the pancreatic duct 
injury. ERCP is helpful when pancreatic duct 
injury is suspected, in order to exclude ductal leak-
age, localize it, and eventually treat it. It can accel-
erate diagnosis of higher grade of pancreatic 
injuries if the CT scanning is not accurate [ 88 ]. 
ERCP can also safely provide defi nitive treatment 
for some patients, which could be an argument for 
a more frequent indication of ERCP [ 89 ].  

26.4.2.3     Management 
 The only remaining question is if the treatment at 
the acute phase should be conservative and non-
operative or surgical. Up to now, there has not 
been any randomized control trial published in 
literature to answer this question [ 90 ]. The rate of 
pancreatic trauma complications, such as pancre-
atic pseudocyst formation, pancreatitis, and pan-
creatic fi stula formation, is reported as being 
between 19 % and 55 % [ 91 ]. 

 The treatment is clear and should be conser-
vative for the low-grade injuries (grade 1 and 2). 
It may involve a parenteral nutrition, painkillers, 
and bed rest for a short or longer time in case of 
associated lesions and organ injuries. Attitude 
remains unclear in grade 3 and 4 injuries. There 
might be a trend toward nonoperative treatment 
of blunt severe pediatric pancreatic lesions [ 92 ]. 
In this series, de Blaauw et al. reported only 
10 % of the patients treated conservatively 
requiring secondary surgery. Pseudocysts 
develop in 50 %, and half of these are managed 
nonoperatively. Mean duration of hospital stay 

was 29 days in the operative group and 24 days 
in the nonoperative group. 

 If surgery is indicated, distal pancreatectomy 
with attempt at preserving the spleen, drainage, 
ideal repair of the pancreatic duct, and rarely, 
duodenopancreatectomy or Roux-en-Y loop and 
anastomosis have all been published. This shows 
how the choice of procedure is highly dependent 
of the surgeon, the team habit, and the type of the 
lesions. Even in case of complete pancreatic 
transaction, the conservative management is 
effective with 44 % patients developing pseudo-
cyst and requiring drainage [ 91 ]. Median hospital 
stay was 24 days with a maximum of 60 days. 
The authors made the hypothesis that anatomi-
cally the distal body and tail usually atrophies; 
however, occasionally, the gland can heal and 
appear to recanalize. 

 Laparoscopy in this indication is feasible. It has 
been reported for a simple drainage of a pseudo-
cyst [ 93 ] or for a distal pancreatectomy [ 94 ]. Most 
of the papers published are case reports. Rutkoski 
JD et al. reported three cases. In this indication, 
hospital stay was short, less than 15 days, without 
complications. Laparoscopy could be ideally indi-
cated in patients with isolated pancreatic injury, 
grades 3 and 4, and hemodynamically stable. 
Surgery should be performed in the fi rst days after 
trauma in order to have minor adhesions.       
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      Portal Hypertension in Children                     

     Neil     Di     Salvo     ,     Michela     Maffi      , and     Mario     Lima    

27.1          Defi nition 

 Portal hypertension is defi ned as an increase of 
blood pressure in the portal venous bed beyond 
the physiological values of 5–10 cm H 2 O or as an 
increase of pressure gradient of more than 5 cm 
H 2 O between the hepatic veins and the portal cir-
culation (hepatic venous pressure gradient or 
HVPG) [ 1 – 5 ].  

27.2     Classifi cation and Etiology 

 It is caused by either:

•    An increase of resistance to the blood fl ow 
from the mesenteric venous circulation 
through or to the liver (which is way more fre-
quent in childhood)  

•   An increase of the blood fl ow to the portal 
circulation    

 The increase of resistance is the consequence 
of an obstruction in the portal system. Depending 
on the site of this obstruction, we can divide all 

causes of portal hypertension into three main 
categories:

•     Prehepatic portal hypertension , also known as 
extrahepatic portal vein obstruction (EHPVO). 
Unlike in adulthood, this represents the most 
frequent type of portal hypertension in chil-
dren (60–75 %).  

•    Intrahepatic portal hypertension , secondary 
to hepatocellular injury leading to cirrhosis. 
This is the second most frequent type of portal 
hypertension in childhood. Among all hepato-
cellular diseases leading to portal hyperten-
sion (Table  27.1 ), biliary atresia is the most 
common.

•       Post-hepatic portal hypertension . It is caused 
by thrombosis of large or small veins draining 
blood from the liver into the inferior vena cava 
(Budd-Chiari syndrome, rare in children).    

 Extrahepatic portal vein obstruction can be 
caused by:

•    Thrombosis of the portal vein (Fig.  27.1 ): 
instrumentation and cannulation of the umbil-
ical vein at birth including umbilical vein 
catheters for intravenous access in the fi rst 
days of life, omphalitis, sepsis, hypovolemic 
shock and hereditary hypercoagulable states 
represent risk factors for this condition. 
Regarding the umbilical cannulation, some 
authors report a 40 % risk of thrombosis after 
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the catheter is left in place for 48 hours; 100 % 
if more than 72 hours. Some others believe 
this risk has been nowadays reduced by the 

improvement of catheters’ materials. However 
the principle is that this kind of venous line 
must be taken into consideration only if 
extremely needed.

•      Portal vein congenital stenosis/atresia 
(Fig.  27.2a ) or postnatal fi brotic stenosis 
(Fig.  27.2b ). The latter is due to abnormal 
spreading of the normal process, obliterating 
the umbilical vein or ductus venosus of 
Aranzio, to the trunk of the portal vein.

      Occlusion of the main trunk of the portal vein 
may lead to recanalization of the vein and its 
transformation into a series of smaller collateral 

   Table 27.1    Hepatocellular diseases leading to portal 
hypertension   

 Biliary atresia 
 Postinfectious cirrhosis 
 Congenital hepatic fi brosis 
 Congenital disorders of bile acid metabolism 
 Sclerosing cholangitis 
 Autoimmune hepatitis 
 Drug toxicity 
 Metabolic diseases (e.g., alpha-1 antitrypsin defi ciency) 

Peritonitis

Omphalitis

SepsisSepsis

  Fig. 27.1    Causes of prehepatic portal hypertension: portal vein thrombosis       

 

N. Di Salvo et al.



375

veins that assume the appearance of a venous 
cavernoma. It is a network of small collaterals 
that supply the liver with a small amount of mes-
enteric blood and keep the intrahepatic portal 
 circulation patent, even though hypoplastic 
(Fig.  27.3 ). Even though the role of all these risk 
factors is established, in daily practice the 
etiology remains unknown in about 50 % of cav-
ernomas [ 2 – 6 ].

27.3        Pathophysiology 
and Collateral Circulation 

 The main areas where the abnormal shunts 
between the systemic and portal venous system 
occur are:

•    Gastroesophageal area: left gastric (coronary) 
vein and short gastric veins to oesophageal 
veins (forming submucosal oesophageal vari-

ces) thence to azygous/hemiazygous veins in 
the thorax  

•   Hemorrhoidal plexus in the rectum: superior 
hemorrhoidal veins to the middle and inferior 
hemorrhoidal veins and ultimately to the infe-
rior vena cava  

•   Paraumbilical network: paraumbilical and 
umbilical veins to superfi cial veins of the 
abdominal wall and the superior/inferior 
epigastric veins (forming the “caput 
medusae”)  

•   Intestinal veins to the branches of the inferior 
vena cava in the retroperitoneum (veins of 
Retzius)    

 Depending on the type of Portal obstruction, 
every “shunting” area will be more or less 
developed. For instance, in the EXPVO, the para-
umbilical plexus will be little represented since 
the umbilical veins drain beyond the obstruction 
(Figs.  27.4  and  27.5 ) [ 5 ].

Abnormal spreading
to the trunk of the portal 

vein of the normal
process that obliterates

the umbilical vein

Abnormal spreading to the
trunk of the portal vein of the

portal vein of the normal
process that obliterates the
ductus venosus of Aranzio

Atresia/stenosis

  Fig. 27.2    Causes of prehepatic portal hypertension. ( a ) Atresia/stenosis of the portal vein. ( b ) Postnatal fi brotic 
stenosis       
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27.4         Clinical Presentation 

 Unlike children with preexisting liver disease 
(mainly the ones affected from cirrhosis second-
ary to biliary atresia), children with extrahepatic 
portal vein obstruction are usually completely 
well before the sudden onset of symptoms. The 
signifi cant manifestation of portal hypertension 
in childhood is massive upper gastrointestinal 
bleeding. Oesophagogastric varices have been 
noted in very young infants and 70 % of patients 
experience their fi rst bleeding episode before the 
age of 7. Almost 90 % of patients with bleeding 
varices secondary to extrahepatic obstruction of 
the portal vein hemorrhage before the age of 10 
(Fig.  27.6 ).

   The second most common fi nding is spleno-
megaly and progressive fi brosis of the organ 
(fi bro-congestive splenomegaly) together with a 
certain degree of functional hyperactivity (hyper-
splenism). By the term hypersplenism, we mean 
an excessive splenic sequestration of red and 
white blood cells and platelets, therefore  resulting 
in anemia, thrombocytopenia and leukopenia. 

 Encephalopathy, ascites, and pulmonary dis-
orders are associated to an advanced liver disease 
(cirrhosis), therefore extremely unusual in child-
hood [ 1 – 5 ,  9 ].  

27.5     Diagnosis 

 Routine lab parameters of liver function (trans-
aminases, bilirubin, albumin, alkaline phospha-
tase, gamma-GT, PT) and splenic sequestration 
of cells (blood cells count) are essential. A coag-
ulation work-up is often required if no risk fac-
tors (like an umbilical catheter) are present in 
order to rule out a hereditary hypercoagulable 
state (C and S protein, AT –III, etc.). 

 This could sometimes be hard to interpret 
because anomalies in both the pro- and antico-
agulant pathway may be secondary to the hepatic 
deprivation of portal blood and are reversible 
after the successful restoration of portal fl ow. 

 The presence of a cavernoma and portal vein 
thrombosis are usually fi rst diagnosed by 
 ultrasonography with Doppler interrogation. 

5 % 80 % 15 %

  Fig. 27.3    Anatomic variants of cavernomas       
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++ --
Esophagogastric
varices

+++
Splenomegaly/
hypersplenism

Portal vein thrombotic
obstruction or malformation

Normal liver
function

+++
Veins of
retzius

+++
Hemorrhoidal

plexus

+ -
Ascites

  Fig. 27.4    Development of portosystemic shunts in prehepatic portal hypertension       

The precise portal venous anatomy must be 
assessed, fi rst by Doppler ultrasound which is 
suitable to demonstrate patency and fl ow 
(Fig.  27.7 ).

   Afterward patients being considered for 
shunting should also be evaluated by CT or MR 

angiography (each with its own advantages) 
that has replaced traditional invasive angiogra-
phy except for retrograde trans-jugular portal 
venogram which can still be a useful tool, espe-
cially when evaluating Rex process patency 
(Fig.  27.8 ) [ 1 – 4 ].
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Cirrhosis

Esophagogastric
varices

Liver failure +++

++ --
Splenomegaly/
hypersplenism

++ --
Veins of
Retzius

++ --
Hemorrhoidal

plexus

Paraumbilical
plexus (caput
medusae)

Encephalopathy
++ --

Jaundice
++ --

++ --
Ascites

  Fig. 27.5    Development of portosystemic shunt in intrahepatic portal hypertension       
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27.6        Treatment 

27.6.1     Prevention 

 Prevention of variceal bleeding, both in children 
and adults, is obtained by administering nonse-
lective beta-blockers such as propranolol which 
reduces portal pressure by vasoconstriction of 
splanchnic circulation and decreased cardiac out-
put. If there are no contraindications to therapy 
such as asthma, cardiac failure, diabetes, etc., 
propranolol is used in the pediatric population 
with a dose ranging between 0.5 mg and 1.5 mg/
kg/day (divided into two to four doses). During 
treatment basal heart rate should not decrease 
more than 25 %. Treatment is usually started after 
the fi rst bleeding episode that is to say, in child-
hood, at the time of diagnosis after the infant has 
overcome the acute event. Certainly an effective 
prophylaxis is represented by the endoscopic 
treatment of varices which is also an emergency 
treatment [ 9 – 11 ].  

27.6.2     Emergency Variceal Bleeding 
Treatment 

 Being upper gastrointestinal bleeding often the 
fi rst signifi cant manifestation of portal hyperten-
sion in childhood, as we said before, when a 
child is presenting hematemesis, we do not often 
know the cause of it. As a matter of fact, the fi rst-
line treatment of acute bleeding from ruptured 
oesophageal varices does not differ from that 
used for secondary hematemesis from other 
causes such as oesophagitis, hemorrhagic gastri-
tis, etc. In the fi rst place, we need to cope with 
the prevention or treatment of the subsequent 
hypovolemic shock (placement of at least two 
peripheral venous line if not a central venous 
access, IV fl uid infusion, vital signs and diuresis 
monitoring, preparation for a possible transfu-
sion). Nasogastric tube placement is safe and 
may be an essential part of the management of 
these patients. It allows  documentation of the 
rate of ongoing bleeding and removal of blood, a 

a b

c d

  Fig. 27.6    ( a – d ) Endoscopic diagnosis of oesophageal varices       
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a

c

b

  Fig. 27.7    Ultrasound with Doppler interrogation for the study of portal venous anatomy and fl ow       

protein source that may precipitate encephalopa-
thy. In addition, the blood in the stomach 
increases splanchnic blood fl ow and could aggra-
vate portal hypertension and ongoing bleeding. 
Secondly, the administration of certain drugs 
like somatostatin analogs such as octreotide is 
very effective in stopping the acute bleeding 
through vasoconstriction of the splanchnic circu-
lation and thereby reducing the portal blood 
fl ow. Octreotide is administered by continuous 
infusion at a rate of 1–2 μg/pro kilo/h to a maxi-
mum dose of 100 μg/h even though it may need 
to be initiated by the administration of a bolus. 
It is also recommended giving proton pump 
inhibitors and antibiotics. In particularly serious 
cases (severe uncontrollable hemorrhage), a 
Sengstaken-Blakemore tube can be used. It is a 
tube designed to stop hemorrhage by mechani-

cally compressing oesophageal and gastric vari-
ces (Fig.  27.9 ). The patient requires signifi cant 
sedation for its use and the airway is often 
secured by endotracheal intubation. This therapy 
is very effective in controlling acute bleeding; 
unfortunately it is associated with signifi cant 
number of complications (for instance, aspira-
tion pneumonia if not intubated, mucosal necro-
sis, balloon displacement) and high incidence of 
re-bleeding when the tube is removed. The bal-
loon is defl ated after 12–24 h at the time of 
endoscopy. Endoscopy plays an essential role in 
the diagnosis and emergency treatment of 
oesophageal varices. There is no unanimous 
consensus about the proper timing of emergency 
endoscopy, but there is general agreement in 
saying that endoscopy should be performed as 
soon as possible, once the bleeding has been 
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stopped with the above mentioned means and 
after appropriate stabilization of the patient. It is 
carried out after approximately 24–72 h from the 
event’s onset [ 3 ,  9 – 11 ].

27.6.3        Endoscopic Treatment: 
Endosclerosis and Banding 
of Varices 

 Injecting sclerosing solutions into the tissue 
around a varix or directly into a varix to obliterate 
the vessel was the earliest attempt to control vari-
ceal bleeding. Endoscopic variceal band ligation 
utilizes mechanical ligation and strangulation of 
varices with elastic O-rings (Fig.  27.10 ). Banding 
was found to be a more effective, more rapid, and 
safer method of reducing the chance of bleeding 
from varices. Oesophageal banding together with 
pharmacologic control has become the procedure 
of choice in the early therapy of bleeding oesoph-
ageal varices. Subsequent sessions are aimed at 
ligating residual varices or varices that arise after 
the larger ones are tied off. Ligation is effective in 
most children and is less associated with many of 

the adverse side effects of sclerotherapy such as 
oesophageal ulceration, perforation and stricture. 
This is why endoscopic sclerotherapy has been 
largely abandoned in favor of endoscopic variceal 
ligation. The only indication for sclerotherapy 
still remains the very small infant (approximately 
less than 12–15 kg body weight) for whom 
 currently available equipment for variceal band-
ing (addition of the band ligation device to the 
endoscope) is too large to introduce into the 
oesophagus [ 2 ,  9 – 11 ].

27.6.4        Shunt Surgical Procedures 

 The treatment of choice for symptomatic portal 
hypertension from extrahepatic portal obstruc-
tion is a surgical shunt. Surgical shunts are of 
two kinds: portosystemic shunts and the mesen-
tericoportal shunt. The fi rst one is inspired on the 
principle of artifi cially improving the portosys-
temic derivation that the organism puts into 
action spontaneously, but often in an insuffi cient 
degree, through the collateral circles both super-
fi cial and deep. Portosystemic shunts are usually 
divided into two categories: nonselective and 
selective (Table  27.2 ). Selective shunts preserve 
the majority of portal or mesenteric blood fl ow 
to the liver while shunting blood from high-pres-
sure gastroesophageal varices into the low-pres-
sure systemic venous circulation. Whenever 
possible, all forms of nonselective shunting 
should be avoided in order to diminish the fol-
lowing encephalopathy thus preserving neuro-
cognitive function. The second one, unlike 
portosystemic shunting, restores portal fl ow to 
the liver, thus acting as a physiologic bypass (see 
description below).

   Portal hypertension accompanied by advanced 
liver dysfunction from either venous outfl ow 
obstruction or intrinsic liver disease is ultimately 
treated by transplantation [ 1 – 8 ,  10 ,  11 ]. 

27.6.4.1     Mesocaval Shunt 
 One of the fi rst mesocaval shunts was described 
by Clatworthy. It consisted of a side-to-side anas-
tomosis between the superior mesenteric vein 
and the inferior vena cava. Since this procedure 

  Fig. 27.8    CT angiography for portal anatomy assessment 
in a patient considered for a shunting procedure       
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a b

  Fig. 27.10    Banding of oesophageal varices       

b

a

Naso-gastric
baloon

Esophageal
baloon

Esophageal
baloonGastric

baloon

  Fig. 27.9    Sengstaken-Blakemore probe: the device con-
sists of a rubber tube with at least two balloons: it is 
passed into the stomach, where the fi rst balloon is infl ated 
and pulled up snug against the gastroesophageal junction. 
Once the tube is secured in place, the second balloon is 

infl ated in the esophagus at a pressure that compresses the 
varices without necrosing the oesophagus. A channel in 
the rubber tube allows gastric contents to be sampled for 
evidence of bleeding. Correct positioning must be verifi ed 
by x-rays       
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required division of the inferior vena cava (IVC), 
it could frequently result in swelling of the lower 
extremities. This is why a mesocaval shunt using 
an interposition graft between the superior mes-
enteric vein (SMV) and IVC, without interrupt-
ing it, has been developed (H-mesocaval shunt) 
(Fig.  27.11 ). The graft can be a short autologous 

vein (usually the internal jugular vein) or a pros-
thetic graft (goretex).

   Obviously an autologous graft offers the best 
chance of long-term patency. As a matter of fact, a 
synthetic vascular graft is only used in cases when 
the distance between the two major veins is too 
much to be fi lled by an autologous graft. It is eas-
ier to perform than some other shunts in children 
because the veins used are larger. The indications 
for this type of shunt are the impossibility to per-
form a splenorenal shunt as in the following cases:

•    Children in whom the splenic vein is 
thrombosed  

•   Left renal agenesia/nephrectomy  
•   Small diameter of vessels like in very young 

patients [ 1 ,  4 ,  5 ]     

   Table 27.2    Classifi cation of the most common portosys-
temic shunts   

 Nonselective shunts 
   Proximal splenorenal shunt 
   Mesocaval shunt: H-mesocaval shunt (with 

autologous or prosthetic graft) 
 Selective shunts 
   Distal splenorenal shunt (Warren) 

a

b

c

  Fig. 27.11    H-mesocaval 
shunt. ( a ) Schematic 
representation. 
( b ) With interposition of 
an autologous graft, 
intraoperative image. 
( c ) With interposition of a 
prosthetic graft, intraop-
erative image       
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27.6.4.2     Proximal Splenorenal Shunt 
 The splenic vein is divided close (proximal) to 
the spleen and then sewn to the side of the left 
renal vein so that all the blood from the superior 
and inferior mesenteric veins is shunted into the 
systemic venous circulation through the left renal 
vein. The spleen is removed (Figs.  27.12  and 
 27.13 ) [ 1 ,  4 ,  5 ].

27.6.4.3         Distal Splenorenal Shunt 
 The distal splenorenal shunt was described by 
Warren in order to diminish the encephalopa-
thy that followed portacaval shunting and to 
preserve the spleen. The portal circulation is 
divided into two components: one maintains 
anterograde portal flow toward the liver via 
the SMV, and the other flows away from the 
oesophageal varices to the short gastrics then 
through the splenic vein (ligated distally from 
the spleen) into the renal vein. After ligation 
of the coronary vein, the varices are therefore 
both decompressed by allowing them to drain 
via the short gastric vessels and splenic vein 
into the left renal vein and by decreasing 
blood flow to the varices by tying off the 
blood that reaches them through reverse flow 
in the coronary vein (Fig.  27.14 ) [ 1 ,  4 ,  5 , 
 12 – 14 ].

27.6.4.4        Mesentericoportal Shunt 
(Rex Shunt) 

 The mesenteric-to-left portal vein bypass (Rex 
shunt) was originally developed for the treat-
ment of portal vein blockage following liver 
transplant. The procedure allows relief of por-
tal hypertension by redirecting blood from the 
obstructed mesenteric system to the still pat-
ent intrahepatic portal vein. It is the only shunt 
that is able to restore flow from the portal cir-
cuit back to the liver via the intrahepatic left 

  Fig. 27.12    Schematic representation of 
proximal splenorenal shunt       

  Fig. 27.13    Proximal splenorenal shunt. Termino-lateral 
anastomosis between the splenic and renal vein (intraop-
erative image)       
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portal vein. For this reason, it has been defined 
as a “physiologic shunt.” This vein remains 
patent in about two- thirds of patients with cav-
ernous transformation of the portal vein. Thus 
it is essential to preoperatively establish the 
patency of such vein (which is a prerequisite) 
by noninvasive angiography. The intrahepatic 
portal vein may be difficult to visualize by 
preoperative imaging and a final assessment 
may be possible only at the time of surgery. 
Once the intrahepatic left portal vein has been 
isolated, the jugular vein (either right or left) 
is removed and sewn first to the intrahepatic 
portal vein and then to the superior mesen-
teric vein. Enthusiasm for the utilization of 
the meso-Rex shunt is increasing because of 
the physiologic nature of the procedure to the 
point that many surgeons consider it the pro-
cedure of choice when feasible (Fig.  27.15 ) 
[ 2 – 4 ,  10 ,  11 ,  15 ].

27.7          Postoperative Outcome 

 Shunt thrombosis is a potential complication after 
surgery as in any other vascular procedures. This 
risk is particularly consistent since we are dealing 
with low-fl ow vessels. This is the reason why anti-
coagulants such as heparin and antiplatelet drugs 
like low-dose aspirin are often used. The latter is 
also useful as a systemic antithrombotic agent after 
splenectomy if platelets count exceeds 1,500,000/
mm 3 . Literature  suggests that shunts should remain 
patent in the long run in more than 90 % of cases, 
thanks to a good operative  technique and the post-
operative antithrombotic prophylaxis. Prognosis 
depends on shunt patency and on the severity of 
liver disease. Those with cirrhosis eventually 
require liver transplantation before the development 
of end-stage disease. With complimentary medical 
therapy, endoscopic intervention and shunt surgery, 
the ultimate prognosis is excellent [ 2 – 4 ,  10 ,  11 ].     

a b

  Fig. 27.14    Distal splenorenal shunt by Warren. ( a ) Schematic representation. ( b ) Termino-lateral anastomosis between 
the splenic and renal vein       
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      The Pediatric Short Bowel State: 
Practical Concepts Toward Enteral 
Autonomy                     

     Adrian     Bianchi     

28.1          Introduction 

 Unlike adults where the short bowel state is most 
often due to bowel disease (Crohn’s disease) or 
vascular causes (cardiac disease, superior mesen-
teric artery embolus), the pediatric short bowel 
state (PSBS) is commonly secondary to congeni-
tal anomalies, specifi cally midgut volvulus com-
plicating malrotation (Fig.  28.1 ) or gastroschisis 
(Fig.  28.2 ), and long-segment aganglionosis 
(Hirschsprung’s disease).

    Postnatal necrotizing enterocolitis (NEC) and 
its attendant surgery account for the greater pro-
portion of the remainder (Fig.  28.3 ). Whereas it 
is not presently possible to prevent intrauterine 
bowel loss, a high index of suspicion will reduce 
postnatal midgut volvulus, while cautious feed-
ing in premature babies and earlier pre-necrosis 
bowel-preserving surgery for NEC will salvage 
greater lengths of functional bowel.

   Intestinal failure (IF) can be regarded as the 
inability to sustain survival and growth because of 
inadequate absorption from the available autolo-
gous bowel. Most children with PSBS who suffer 
from IF have a residual mucosa that is healthy, but 
is of insuffi cient amount and of inappropriate con-
fi guration. Survival following major loss of 

absorbing bowel depends on the natural adaptation 
response [ 1 ,  2 ] that includes bowel elongation and 
dilatation with a major increase in absorptive 
brush border surface area consequent on mucosal 
hypertrophy (increase in villus height) and villus 
cellular hyperplasia (increased numbers of cells 
per villus). It is noteworthy that the ileum develops 
a greater adaptation response and is preferable to 
the jejunum also because of its specifi c absorption 
sites for vit B 12  and bile salts. The ileocecal valve 
(IC valve) is helpful in delaying transit, thereby 
increasing mucosal contact time for absorption. 
Greater lengths of the colon are relevant to fl uid 
and electrolyte absorption, with particular advan-
tage for the right colon as the site of production of 
glucagon-like peptide 2 (GLP-2), an intestinotro-
phic mediator that is the most potent stimulator of 
small bowel mucosal adaptation. 

 Prior to total parenteral nutrition (TPN) and 
bowel reconstruction, minimum lengths of 
40–60 cm of small bowel with an IC valve and 
the colon were considered necessary for survival. 
However the length of small bowel compatible 
with independent survival is markedly infl uenced 
by the type, confi guration, and health of the 
residual bowel. TPN, a better understanding of 
PSBS, and improved techniques for bowel man-
agement have increasingly offered hope of enteral 
autonomy with acceptable quality long-term life, 
even to patients with extreme short bowel. 
Patients who have no functional bowel, who have 
failed autologous bowel management, who have 
poor quality life, and those who have lost venous 
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access or suffer irreversible liver failure have the 
option of small bowel-colon or liver-bowel trans-
plantation, with improving long-term outcomes. 
However, graft rejection and the infective and 

neoplastic risks associated with immunosuppres-
sion remain signifi cant. Furthermore, the con-
stant need for monitoring for acute rejection and 
the insidious onset of chronic rejection with loss 
of graft function impacts on quality of life, such 
that transplantation should not be the fi rst choice 
but a welcome fi nal resort.  

28.2     The Pediatric Short Bowel 
State 

 Antenatal midgut volvulus with loss of the supe-
rior mesenteric vascular territory presents as a 
high jejunal atresia (Fig.  28.4 ) with an occluded 
dilated loop of the jejunum commonly of 
20–40 cm (<10 % of normal) measured from the 
ligament of Treitz along the antimesenteric bor-
der, and an atrophic left transverse colon through 
to the anus. This residual bowel is usually peri-
staltic and absorptive with adaptive potential.

   Postnatal midgut volvulus and NEC present as 
life-threatening peritonitis from ischemic and 
infl amed bowel and bacterial sepsis. The length 
and variety of the residual bowel will depend on 
the  extent of the disease , the  timing of surgery , 
and the degree of  bowel conservation  practiced 
by the surgeon. The residual proximal and distal 
bowel are not dilated and are of similar caliber. 
Signifi cantly, surviving bowel after NEC may not 
be functionally normal, also having a reduced 
adaptive potential. 

  Fig. 28.1    Midgut volvulus complicating malrotation and 
mesenteric non-fi xation       

  Fig. 28.2    Gastroschisis with extruded bowel on a narrow- 
based mesentery       

  Fig. 28.3    Neonatal necrotizing enterocolitis       

  Fig. 28.4    30 cm residual jejunum following antenatal 
midgut loss       
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 The “lucky” patient with long-segment jejunal 
aganglionosis (Hirschsprung’s disease) may have 
a variable length of ganglionic jejunum that is 
usually of normal function and adaptive poten-
tial. All aganglionic bowel distal to the transition 
zone is aperistaltic and nonabsorptive but should 
not be removed unless it is the source of infec-
tion, since it serves to retain abdominal cavity 
volume that is relevant to an eventual bowel 
transplant. 

 Conventional atresia management with a 
high jejunal stoma on the abdominal wall or by 
similar caliber jejunocolic anastomosis is fol-
lowed by rapid transit and severe loss of fl uid, 
electrolytes, and nutrients. Anastomosis of the 
 markedly dilated  proximal jejunum in intestinal 
atresia, to the smaller diameter distal bowel, is 
contraindicated since it leads to a “functional 
obstruction,” with failure of propulsion across 
a patent anastomosis despite active peristalsis 
(Fig.  28.5 ). Stasis within the dilated loop gener-
ates bacterial overgrowth with D-lactic acidosis, 
mucosal infl ammation, and bacterial translo-
cation causing liver injury and septicemia. If 
left untreated, the short bowel state is rapidly 
fatal from dehydration, malnutrition, and sep-
sis. TPN offers hope of long-term patient sur-
vival with reasonable quality of life and opens 
the way to autologous bowel rehabilitation 
and reconstruction and, when all else fails, to 
transplantation.

28.3        The “Hub and Spoke” Model 

 At an annual incidence of around 1:15,000, the 
short bowel state in children is of signifi cant 
impact. Survivors on TPN require intermittent 
specialist hospital care and long-term home sup-
port that places a major burden for dedicated and 
expensive management on patient’s families and 
on health service providers. It is essential for 
long-term care to be delivered close to the family 
home and local community, allowing easier 
access to the child for better integration within 
family and social life and for keeping the family 
unit within their established work, school, and 
social environment. Management is best guided 
from a dedicated specialist pediatric IF and PSBS 
center (Table  28.1 ), that is preferably also close 
to adult services. Its role is to provide advice, 
training, and support to local carers, to offer spe-
cialist surgical and other clinical services and to 
generate a reference database and research. The 
specialist center will cover a wide area and will 
act as a “hub” offering support to less experi-
enced referring hospitals and local services 
(“spokes”).

   Ongoing care is delivered through the local 
services and the referring hospital, with patients 
transferring to the center only at the request of 
local clinicians for specifi c surgical episodes and 
planned review. The basic mandate of the central 
team (Table  28.2 ) at the hub is  to help the parents 
to manage their child’s problem . The team coor-
dinator and nurse specialists are essential for 
implementing an agreed patient-specifi c manage-
ment plan and for the training and transfer of care 
to the family and the local carers, thereby retain-
ing a “functional family unit within their local 
community.”

28.4        The Patient-Specifi c PSBS 
Management Plan 

 A high level of cooperation between the different 
medical specialities and the parents is essential at 
every stage. Survival is followed by implementa-
tion of a patient-specifi c management plan 
(Table  28.3 ) that is agreed between the specialist 

  Fig. 28.5    Functional obstruction following a “big-to- 
small” anastomosis       

 

28 The Pediatric Short Bowel State: Practical Concepts Toward Enteral Autonomy



392

team at the hub, the local clinical services, and 
the family. As the child stabilizes, the family rap-
idly takes on the responsibility for delivery 
of  in-hospital  care, including cyclical TPN and 
enteral feeding, also taking the child home during 
the daytime. Hospitalization is kept to a mini-
mum, and home parenteral nutrition (HPN) com-
pletes the transfer of care to the home.

28.5        The “Dedicated” Central 
Venous Feeding Catheter 

 A secure central venous catheter is conveniently 
placed, to be used solely for long-term cyclical 
parenteral nutrition. The cuffed single-lumen cath-
eter (Broviac), of narrowest gauge consistent with 
the child’s size and TPN requirement (4.2–6 F), is 
passed by open or percutaneous access preferably 
through the neck veins, verifying by intraoperative 

ultrasound or radiology the tip position at the junc-
tion of the superior vena cava with the right atrium. 
The catheter should be handled only by nominated 
carers under strict sterile conditions to minimize 
the risk of infection, occlusion, and central vein 
thrombosis. Experience has confi rmed the much 
reduced incidence of catheter complications and 
sepsis associated with nominated catheter care and 
HPN. At each use the hub should be thoroughly 
cleansed with a Hibiscrub (Chlorhexidine) soap 
solution (or similar) and then immersed in abso-
lute alcohol to ensure sterility. After each use it 
should be fl ushed with 0.9 % IV saline solution 
and locked during injection of 1–2 ml of a uroki-
nase solution (1000 units/ml) to avoid intra-cathe-
ter backfl ow and thrombosis and to keep the lumen 
free of deposits. 

 It is important to differentiate between catheter- 
related sepsis with skin organisms ( Staphylococcus 
albus ,  Staphylococcus aureus ) and septicemia 
from gram-negative intestinal bacteria ( Escherichia 
coli ,  Klebsiella ) that requires appropriate bowel 
management. Catheter change should be kept to a 
minimum and only if through-catheter antibiotic 
therapy and urokinase lock have not been success-
ful at eliminating catheter sepsis. Prolonged broad- 
spectrum or multiple antibiotic therapy is 
inadvisable and likely to lead to fungal ( Candida ) 
catheter infection, cardiac colonization, and sep-
sis. Persistent signifi cant infection, irreparable 
catheter damage, and catheter occlusion will 
require a change of central line that should be 

Several Referral 
Hospitals

Daily Management 
done LOCALLY by 
Family and Carers

AGI-R Outreach Team
Supports Family and Local Carers

‘The Hub’ Designated
Specialist Centre

Advice 
Data Collection 

Research

   Table 28.1    “Hub and Spoke” model for PSBS care       

   Table 28.2    Multidisciplinary Team essential to appro-
priate PSBS management   

 Team coordinator  The referring hospital 

 Gastroenterologist  Specialist outreach team 
 Neonatal-Pediatric Surgeon  HPN team 
 Psychologist  Social services support 
 Nutritionist  Family doctor 
 Pharmacist  Others – radiology, 

anesthesia 
 Play workers 
 Transplant team 
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undertaken through the same venous access site as 
often as possible. Loss of venous access sites for 
essential TPN seriously compromises long- term 
survival, limits opportunity for autologous bowel 
reconstruction, and forces earlier referral for “res-
cue” bowel transplantation. 

 Extensive central vein thrombosis is diffi cult 
to treat, eventually forcing complex catheter 
placement transhepatically or by open access to 
the right atrium. Highly specialist interventional 
radiological techniques are being developed for 
canalizing and stenting thrombosed central veins, 
thereby relieving cardiac strain and establishing 
the high venous fl ow that is necessary for a cen-
tral feeding catheter.  

28.6     Total Parenteral Nutrition and 
Home Parenteral Nutrition 

 The child with extensive bowel loss and intestinal 
failure will require a long period of parenteral 
nutrition to ensure survival and growth. Present- 
day regimens, although still not perfect, will 
provide suffi cient fl uid, electrolytes, and nutrients 

for normal physical and mental development and 
for supporting long-term life. Fat- and water- 
soluble vitamin and trace element supplements 
(zinc, copper, selenium, manganese) attempt to 
replace normal intake and reduce defi ciencies. It is 
not the scope of this dissertation to detail the com-
position of the parenteral solutions and supple-
ments that is available from the manufacturers and 
appropriate texts. As absorption improves with 
increasing bowel adaptation, the volume and com-
position of IV fl uid and nutrients and the ratio of 
parenteral to enteral nutrition will alter with reduc-
tion of the parenteral component. It is relevant to 
track daily calorifi c intake and to avoid hyperali-
mentation. Whereas parenteral protein and carbo-
hydrate solutions are now largely standardized, 
there is still diffi culty over the lipid component. 
Following the work of Clayton [ 3 ] and Iyer [ 4 ] 
demonstrating the cholestatic effect of contaminant 
plant phytosterols, it is now well accepted that 
plant phytosterols within soya-based lipid solutions 
induce a rapidly progressive hepatitis and end-
stage liver failure. A new less toxic intravenous 
lipid solution derived from fi sh oils containing 
omega-3 fatty acids is preferable for long-term par-

The Child:  Survival & Growth 

Preserve Venous Access 

The Bowel 

Intact Liver 

No/Low Soya TPN   -    Sepsis 

Oral Enteral Feeds 

Habit   -    Mucosal Stimulus  

Normal Psychology 

Family     -    Social & Community  

Dedicated Catheter Care 

Urokinase Lock 

Antibiotics prn 

Reuse of Venous Access Sites

Conserve All viable bowel 

Minimal Early Surgery  – Tube-stomas 

Patient-specific A G I R –  Expansion & ‘Housekeeping’ 

Tailoring and lengthening 

Reversed Segments & Other 

Pharmacology 

Transplantation 

   Table 28.3    Structured plan for management of pediatric short bowel state       
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enteral nutrition; however on its own, it does not 
provide a full range of essential fatty acids. A com-
bination of small amounts of soya-based lipid, 
medium- chain triglycerides, olive oil, and fi sh oil 
(SMOF) provides a more complete lipid profi le. 

 Once TPN is established and the family is famil-
iar with its cyclical nighttime delivery, appropriate 
funding and practical arrangements are made for 
home parenteral nutrition. This is an involved pro-
cess that requires the provision of suffi cient home 
storage space for equipment and refrigeration facil-
ities for the TPN solutions that are often delivered 
on a weekly basis by a specialist company. The 
family home may need spatial adjustment to pro-
vide a dedicated “clean area” for central vein cath-
eter care that is so crucial to long-term survival.  

28.7     Enteral Nutrition and Brain 
Learning 

 Neonatal physiology dictates that the newborn child 
must learn feeding (bolus formation, swallowing) 
and food recognition (taste, texture) through the 
stimulus of normal oral feeding that commences 
immediately at birth. It is not uncommon in order to 
maximize absorption that the PSBS child with rapid 
transit and large enteral losses, is often continuously 
drip fed by nasogastric or gastrostomy tube and is 
denied the cyclical oral bolus feeding with normal 
foods at normal rate and volume that is crucial to 
brain learning. Food intake and enjoyment is a key 
element of long-term good quality life, and failure 
to develop a basic feeding pattern in physiological 
time will persist as serious “food aversion and 
denial,” becoming an intractable problem even after 
enteral autonomy is established. 

 In striving to maximize absorption, predigested 
and elemental diets can sometimes prove helpful. 
However there is little evidence that predigested 
and elemental diets, even given continuously or 
cyclically, are better than normal foods at stimulat-
ing the mucosal adaptation response and increas-
ing absorption. Additives in the form of starches 
(rice) and proteins are better absorbed and serve 
also to thicken the food, whereas fats in the form 
of medium-chain triglycerides (MCT) are more 
easily absorbed. It is particularly relevant to 
remember that food needs to be palatable if it is to 

be acceptable to the PSBS child, and it cannot be 
overemphasized that it is normal food given orally 
and following a normal feeding pattern that are 
most acceptable and by far the best stimulus for 
natural mucosal adaptation. It is important to rec-
ognize the diverse benefi cial effects, in supple-
menting TPN, of even small amounts of normal 
foods locally within the bowel and generally fol-
lowing absorption in reducing defi cits, protecting 
the liver and sustaining the intricate enzyme sys-
tems relevant to cellular functions.  

28.8     Family and Social Life 

 Long-term survival accentuates the need for a 
home and social life of quality for both the child 
and the family. During the initial admission, the 
delivery of  in-hospital  care is taken up by the 
family who learns to set up cyclical parenteral 
nutrition over the night hours and who takes the 
child home during the day. HPN allows com-
plete transfer of care to the home and has the 
advantage of a much reduced rate of central 
venous feeding catheter sepsis. Home care is 
supported by local carers and specialist nurses 
from the “hub” so that the family is kept as a 
“unit within its local environment” where the 
child fi nds opportunity for acceptance and bond-
ing and interaction with siblings and friends.  

28.9     Autologous Gastrointestinal 
Rehabilitation (AGI-R) 

 The surgical management of the short bowel state 
is a multistage program working with the natural 
intestinal adaptation response to increase absorp-
tion and to develop new functional bowel suitable 
for reconstruction [ 5 ]. It spans a prolonged period 
and requires determination and a strong commit-
ment from the patient, the family, and the carers.  

28.10     Acute Surgery 

 Of equal importance to child survival is “bowel 
salvage” which will determine the quality of 
long-term life. Thus earlier surgical inter-
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vention before bowel necrosis provides an 
opportunity for minimal resection and maxi-
mal conservation of potentially viable bowel. 
Conventional management with a high proxi-
mal jejunostomy on the abdomen or a jejuno-
colic anastomosis with bowel of similar caliber 
leads to uncontrollable large volume losses. 
A large-to-small caliber anastomosis causes 
“functional obstruction” (Fig.  28.5 ) with fail-
ure of propulsion across a patent anastomosis 
despite active peristalsis. 

 It is preferable to establish  controllable  intralu-
minal drainage through a tube jejunostomy 
brought out onto the abdominal wall, with a wide-

bore catheter (Malecot, de Pezzer, Foley) that is 
passed into the distal end of the proximal jejunal 
loop (Fig.  28.6a, b ), also closing off any pre-exist-
ing stoma. The child is immediately able to feed 
orally (Fig.  28.7 ), providing the crucial natural 
stimulus for brain learning and a lifelong feeding 
pattern and delivering the essential  nutrient stimu-
lus for mucosal adaptation. A second smaller 
gauge catheter is passed into the proximal end of 
any functional distal bowel (commonly the left 
colon) and brought out onto the abdominal wall. 
The jejunostomy effl uent is stored at 4 °C to limit 
bacterial overgrowth [ 6 ] and is sieved and warmed 
for recycle through the distal catheter by slow 

a

b

Malecot’s
catheter

Suture line

Output (controlled)
from ileostomy to
mucous fistula

  Fig. 28.6    Tube jejunostomy: ( a ) diagram, ( b ) tube jejunostomy only (no functional bowel distally)       
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gavage or syringe pump infusion during the night 
hours, to stimulate adaptation and absorption par-
ticularly of fl uids and electrolytes from the distal 
bowel (Fig.  28.8  and Table  28.4 ).

      The recycle of jejunostomy effl uent into the 
distal bowel has other major advantages in simu-

lating normality with improvement of colonic 
function and the passage of stools and fl atus 
transanally that allows for the development of 
cortico-anal neural pathways relevant to conti-
nence and avoids severe perianal excoriation by 
habituation of the perianal skin to fecal fl ow.  

28.11     “Controlled” Bowel Expansion 
and “Housekeeping” 

 Intermittent clamping of the proximal tube jejunos-
tomy allows effective control of jejunostomy losses 
that is not possible with a conventional stoma on 
the abdominal wall, and prolongs contact of nutri-
ents with the mucosa to promote absorption. The 
periods of tube jejunostomy occlusion are gradu-
ally increased from an initial 10 min to 2–3 hours 
and alternate with “jejunal housekeeping” that con-
sists of brief periods of complete loop drainage and 
an occasional washout to avoid intraluminal stasis 
and bacterial overgrowth. Over a 6-month period, 
such controlled obstruction forces a gradual natural 
bowel elongation and dilatation that generates new 
full- thickness functional autologous tissue for 
reconstruction [ 7 ]. Mucosal adaptation and greater 
absorption become manifest as an increasing toler-
ance of enteral feeding and a steady weight gain, 
with a welcome reduction in parenteral nutrition.  

  Fig. 28.7    Tube jejunostomy – child able to feed orally 
and effl uent collected for recycle as in (Fig.  28.8 )       

  Fig. 28.8    Double-tube stomas for jejunal drainage and 
bowel expansion. Distal tube stoma for colonic recycle       

   Table 28.4    Advantages of “controllable” tube stomas   

 Proximal tube stoma  Distal tube-stoma 

 Minimal bowel surgery and 
no loss of bowel 

 Recycle of proximal 
collected nutrients 

 Overcomes jejunal 
obstruction and allows free 
drainage 

 Stimulation and 
adaptation of distal 
bowel 

 Access to the jejunal lumen 
for washout, bacteriology, etc. 

 Increased absorption of 
fl uid, electrolytes and 
nutrients 

 Allows immediate full oral 
feeding 

 Allows physiological 
cortico-anal learning 
for continence 

 Gives control of proximal 
jejunal losses and longer 
nutrient contact with the 
absorptive mucosa 

 Develops normal 
perianal skin toleration 
of feces 

 Timed occlusion forces bowel 
elongation and dilatation with 
generation of new full- 
thickness functional tissue 

 Easily replaceable 
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28.12     Autologous Gastrointestinal 
Reconstruction (AGIR) 

 Dilatation is a valuable asset for autologous 
reconstruction [ 8 ]. The dilated bowel is tailored 
to a normal propulsive diameter with the excess 
vascularized tissue being used to increase bowel 
length. Isoperistaltic bowel continuity through 
the anus can be established at the same time, or 
another tube jejunostomy can be placed at the 
distal end of the lengthened jejunum for a second 
phase of expansion and lengthening.  

28.13     Bowel Tailoring and 
Lengthening Techniques 

 Following the original publication by Bianchi in 
1980 [ 9 ] on longitudinal intestinal lengthening 
and tailoring (LILT) and its fi rst successful  clinical 

application to a 4-year-old boy by Boeckman and 
Traylor [ 10 ], there are presently three techniques 
available for tailoring and lengthening the small 
bowel and the colon that can be applied sepa-
rately, in combination, or sequentially.  

28.14     Longitudinal Intestinal 
Lengthening and 
Tailoring (LILT) 

 This procedure divides the dilated bowel longitu-
dinally along its antimesenteric and mesenteric 
borders (Fig.  28.9 ), passing along an ample natu-
ral intra-mesenteric plane which easily develops 
by blunt dissection between the mesenteric ves-
sels that enter the bowel one-third of the way up 
each sidewall.

   Bowel division with the cutting wave of the 
bipolar diathermy (Fig.  28.10 ) is relatively 

X

X

Y

Y

  Fig. 28.9    Longitudinal intestinal lengthening and tailoring – LILT diagram       
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 bloodless and is safer than stapling for avoiding 
injury to the mesenteric vessels. The vascularized 
hemisegments (Fig.  28.11 ) are sutured manually 
under clear vision, turning the cut margins inward 
toward the lumen, to form two tubes of equal 
length (Fig.  28.12 ) that are anastomosed 
  isoperistaltically  and to the distal bowel to estab-
lish bowel continuity (Fig.  28.13 ).

      LILT converts the dysfunctional dilated loop, 
to a peristaltic propulsive bowel of half the diam-
eter and double the length of the original dilated 
segment, retaining all absorptive tissue and 
without signifi cant disturbance to peristalsis. It 
is applicable to dilated small bowel and colon, 
but is not suitable for the dilated duodenum. 
LILT cannot be repeated, but can be applied to 

the bowel that has been previously tailored and 
lengthened by other methods.  

28.15     Serial Transverse Enteroplasty 
(STEP) 

 The technique was introduced in 2003 by Kim 
et al. [ 11 ,  12 ] as an alternative to LILT, but has 
found application also in combination with, or after 
LILT for additional tailoring and lengthening. The 
Endo-GIA autostapler (Covidien (UK) Commercial 
Ltd.) is applied alternately to either side along the 
length of the dilated loop (Fig.  28.14 ), passing 

  Fig. 28.12    LILT – tubularized hemisegments of half 
diameter       

  Fig. 28.13    Longitudinally tailored jejunum anastomosed 
isoperistaltically to double the original length, and anasto-
mosed to the colon       

  Fig. 28.11    LILT – vascularized hemisegments after lon-
gitudinal division       

  Fig. 28.10    LILT – Bowel division with bipolar cutting 
wave for bloodless bowel surgery       
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 parallel to the mesenteric vessels and without dis-
section within the mesentery.

   To avoid stenosis the residual bowel diameter 
should be of at least 2 cm, and it is preferable to 
oversew the tip of each staple line to ensure that 
there is no leakage. The technique is also suitable 
for tailoring the dilated duodenum. Recurrent 
bowel dilatation can be managed by a second 
STEP; however further STEPs beyond this may 
severely disrupt peristalsis and propulsion.  

28.16     Spiral Intestinal Lengthening 
and Tailoring (SILT) 

 Spiral tailoring and lengthening was introduced 
in 2010 by Cserni et al. [ 13 ] and is a welcome 
addition to LILT [ 9 ] and STEP [ 11 ,  12 ]. This 
technique cuts the dilated bowel at a 60° angle, 
spiraling along its length (Fig.  28.15 ). The bowel 
is incised with the cutting wave of the bipolar 
diathermy with minimal blood loss and under 
clear vision, passing between the mesenteric ves-
sels. Release incisions are made at the mesenteric 
border extending longitudinally in the avascular 
mesentery toward the mesenteric base, to allow 
free rotation during elongation and suturing.

   The opened-out bowel is stretched and draped 
over a large guide catheter, allowing tissue rota-
tion, and is sutured to form a well-vascularized 

elongated bowel of 2 cm propulsive diameter 
(Fig.  28.16 ) that can be placed in immediate bowel 
continuity with the distal colon or can be catheter 
intubated for further bowel expansion. SILT does 
not disrupt peristalsis, can be repeated in the event 
of recurrent dilatation, and can be used in combi-
nation or subsequent to LILT and STEP.

28.17        The Post-tailoring and 
Lengthening Phase 

 Following the three lengthening procedures, rou-
tine post-laparotomy healing should be expected 
with a rapid return of bowel function within a few 

  Fig. 28.14    Serial transverse enteroplasty (STEP) accord-
ing to Kim et al.       

  Fig. 28.15    Spiral intestinal lengthening and tailoring 
(SILT) according to Cserni et al. showing 60° spiral 
incision       

  Fig. 28.16    SILT demonstrating elongation and diameter 
reduction and longitudinal incisions in the avascular mes-
entery to allow free rotation during suture       
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days. There is no operative mortality, and morbid-
ity is minimal. Vascular problems are rare, but 
loss of a hemisegment following LILT has been 
reported [ 14 ]. Suture line dehiscence is unusual, 
and rarely, cutaneous and interloop fi stulae or 
anastomotic stenoses may develop. It is usual for 
lengthening procedures to be followed by a reduc-
tion in bowel-related sepsis, a steady increase in 
absorption and enteral feeding, and a reduction in 
parenteral nutrition with possible enteral auton-
omy within 4–12 months. However bowel adapta-
tion is known to continue for several years so that 
persistence is required, and “cutoff points” [ 15 ] 
are inappropriate. A healthier bowel and increas-
ing adaptation and enteral nutrition are also asso-
ciated with improvement in liver function and 
general health [ 16 ]. Recurrence of bowel-related 
septicemia and D-lactic acidosis suggest stenosis, 
stasis within a diverticulum, or excessive recur-
rent dilatation that can be a welcome opportunity 
for additional tailoring and lengthening and are 
best dealt with surgically. Failure to progress 
toward enteral autonomy is an indication for fur-
ther reconstruction that may take the form of a 

repeat bowel expansion and lengthening and/or 
the addition of supplementary procedures.  

28.18     Supplementary Procedures 

 Few of the previously published procedures 
designed to delay transit and to increase mucosal 
contact have come to regular application because, 
on their own, the outcome has been inconsistent. 

 Colonic interposition (Fig.  28.17 ) transposes a 
segment of iso- or antiperistaltic colon proximal to 
the jejunum [ 17 ] or between the jejunum and the 
ileum [ 18 ] and uses the slower motility of the colon 
to pass nutrients over the small bowel absorptive 
surface [ 19 ]. Antiperistaltic or reversed small bowel 
segments (Fig.  28.18 ) are simple to construct; how-
ever the length of the segment is critical to success. 
Publications by Pigot et al. [ 20 ] and Panis et al. [ 21 ] 
have reported good outcomes with lengths of 15 cm 
in young adults. All of their patients returned to 
functional social lives, with half dispensing with 
parenteral nutrition within 36 months and others 
taking signifi cantly longer (>4 years) to reach 

Colon

Jejunum

Jejunum

Colon

Ileum

Prejejunal Preileal

Colon interpostion

  Fig. 28.17    Prejejunal 
and preileal colon 
interposition       
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enteral autonomy. Children require a length of 
5–15 cm (depending on age) to effectively slow 
transit without causing functional obstruction and 
stasis. Multiple reversed segments can be placed 
along the small bowel, but the position and length 
for maximal effect are as yet undetermined.

28.19         Combined or Sequential 
Reconstruction 

 Bowel reconstruction for the short bowel state is 
a patient-specifi c structured program of timely 
interventions designed to enhance natural bowel 
adaptation (Table  28.5 ). There has been greater 
success when procedures have been combined 
or added sequentially rather than when used 
alone. Thus controllable catheter bowel expan-
sion is followed by tailoring and lengthening on 
one or several occasions, with constant pharma-
cological enhancement of absorption, and sup-
plementary surgery (reversed segments or colon 
interposition) as relevant. As experience 
increases it may be appropriate to combine two 
or more  procedures at the same session e.g. 
lengthening with reversed segments, for better 
absorption and a more rapid conversion to 
enteral autonomy

28.20        Pharmacology 

 Pharmacological management is invaluable in 
reducing potential complications and increasing 
absorption. Antacids and proton pump inhibitors 
are relevant to counteract the hyperchlorhydria 
from the hypergastrinemia that is associated with 
SBS and that induces gastritis and duodenal 
ulceration. High-dose loperamide and codeine 
help to increase mucosal contact time by slowing 
small bowel transit. Clonidine, an alpha-2- 
adrenergic blocker, when given in low oral dose 
[ 22 ] or transdermally [ 23 ] as a skin patch, signifi -
cantly increases the absorption of fl uids and elec-
trolytes. It is thought to act preferentially on 
sodium uptake from the colon, but clinical expe-
rience has demonstrated its value in increasing 
fl uid, electrolyte, and nutrient absorption also 
from the small bowel when the colon has been 
totally absent. The low oral dose has no effect on 

  Fig. 28.18    Reversed (antiperistaltic) small bowel seg-
ment of 12 cm length       

   Table 28.5    Autologous gastrointestinal reconstructive 
techniques for management of the short bowel state   

 Bowel tailoring  Antimesenteric tailoring 
 Plication 

 Bowel 
expansion 

  Controlled jejunal occlusion  and 
 recycle  (Bianchi) 
 Uncontrollable semiobstructive valve 
(Georgeson) 

 Tailoring and 
lengthening 

  LILT  and combined LILT (Bianchi) 

  STEP  and second STEP (Kim et al.) 
  SILT  and combined SILT (Cserni 
et al.) 
 Colonic lengthening by LILT (Devesa 
et al) by SILT (Alberti et al, Bianchi) 

 Delaying 
Transit 

 Single/Multiple Reversed 
(antiperistaltic) Segments 
 Prejejunal/preileal colonic 
Interposition (iso-/antiperistaltic) 
 IC valve substitutes 

 Pharmacology  Loperamide,  oral clonidine , GLP-2 
(teduglutide) 
 Proton pump inhibitors 
 Antibiotics 
 Probiotics 
 Manipulation of Multibionta 

 Transplantation  Isolated small bowel, small 
bowel + colon 
 Liver + bowel, multivisceral 
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blood pressure; however as adaptation occurs, 
increased clonidine absorption may induce seda-
tion and drowsiness. 

 Glucagon-like peptide 2 (GLP-2) is a powerful 
intestinotrophic mediator that is naturally produced 
in the ascending colon and induces small bowel 
hyperplasia [ 24 ]. Effort should therefore be made 
to preserve the ascending colon during surgery. 
Early trials suggest that GLP-2 can be of great 
value in driving intestinal adaptation [ 25 ], but it is 
as yet uncertain whether the mucosal hyperplasia is 
sustained once it is withdrawn. Concerns have been 
expressed over its long-term use because of possi-
ble induction of gut neoplasia. 

 Children with PSBS who have lost their ileal 
vit B 12  absorption sites will require lifelong 
replacement. Water-soluble and fat-soluble vita-
min supplements are routinely given enterally 
and parenterally, but requirements will alter as 
enteral absorption increases. Similarly iron and 
trace element (zinc, copper, selenium, magne-
sium) supplements are necessary to avoid defi -
ciencies and to sustain metabolism and growth. 
The loss of ileal bile salt binding sites interferes 
with the enterohepatic bile salt circulation and 
leads to the excretion of an abnormal bile with a 
high risk of cholelithiasis. Free bile acids passing 
into the colon have a laxative effect and are 
unavailable for combining with fats, which then 
bind dietary calcium leaving free oxalates that 
are absorbed from the colon and excreted in the 
urine, with a higher risk of urinary calculi. 
Cholestyramine given orally binds bile salts and 
counteracts these colonic effects, but long-term 
use has been associated with neoplasia. 

 Continuous administration of broad-spectrum 
antibiotics and attempts at “bowel sterilization” 
are largely contraindicated. Repeated gut-related 
infection is often due to stenosis, sepsis within 
diverticulae, or to recurrent bowel dilatation 
with stasis and should be managed surgically. 
Some children will continue to present with 
recurrent symptomatic D-lactic acidosis that is 
an indicator of intraluminal bacterial overgrowth 
and that may then require long-term oral chemo-
therapeutic (metronidazole) or antibiotic (eryth-
romycin, vancomycin, gentamicin) therapy. 

 Probiotics can sometimes prove useful in 
colonizing the gut with helpful organisms that 

may actively suppress pathogens. There is 
increasing interest in the normal benefi cial sym-
biotic microbiota (bacterial fl ora) [ 26 ] in the 
gut, which may be relevant to absorption, immu-
nological function, and general good health. 
Manipulation of gut fl ora may play a useful role 
in the overall management of the short bowel 
state and is a serious consideration for limiting 
the use of broad-spectrum antibiotics.  

28.21     Experimental Developments 

 Experimental work with stem cells has been suc-
cessful at generating “human intestinal organ-
oids” from human pluripotent stem cells [ 27 ], 
possessing all of the neuromuscular elements and 
the diverse mucosal cells and enzymes appropri-
ate to human small bowel. Such specimens, of 
only 1 cm size and without a mesentery, are 
grown as grafts on the kidney of specifi c nonreac-
tive mice, but are vascularized only by recipient 
mouse vessels. Although presently limited to the 
laboratory and far from clinical application, such 
research provides understanding and additional 
promise for the future.  

28.22     Long-Term Life 

 TPN, the move away from hepatotoxic soya- 
based lipids, and preservation of venous access 
have given a long-term lifeline to the PSBS 
patient. Thus 10-year survival on total parenteral 
nutrition alone is now over 92 %, and the longest 
survivor has had TPN for >40 years. However 
serious psychological issues may arise, and 
patients will occasionally reach a point of resent-
ing their TPN dependence and refuse essential 
TPN support. The psychologist is a major mem-
ber of the management team supporting the fam-
ily from an early stage, offering an ongoing care 
commitment, and taking the child and family 
through adolescence and into adulthood. 

 AGIR with a structured combination of proce-
dures has made signifi cant inroads toward total 
enteral autonomy. The degree of enteral absorp-
tion determines the quantity and quality of intra-
venous supplements so that some patients may 
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absorb suffi cient nutrients but will still require 
partial fl uid and electrolyte support and/or the 
occasional TPN boost. Several patients still man-
age a social and work life of acceptable quality, 
which is reduced by the nighttime obligatory 
intravenous supplements and other bowel-related 
factors, e.g. stoma, frequency of motions, and 
fecal soiling. 

 Many of the long-term survivors, largely 
managed by the LILT technique, are now 
approaching 20–35 years of enteral autonomy 
and have appreciably normal social lives. The 
majority have bowel continuity without a stoma 
and are continent, passing some 4–6 semisolid or 
liquid motions daily. They have shown good 
physical and mental growth through puberty 
achieving a reasonable, if not always normal, 
physique. Some have had uncomplicated preg-
nancies without additional parenteral feeding 
[ 28 ] and have delivered normal children. Long-
term complications have not been marked; how-
ever there is an increased incidence of gallstones 
and renal oxalate stones and a tendency to osteo-
porosis. Colicky abdominal pain has sometimes 
been a feature, which should be investigated for 
possible bowel stenosis that is amenable to sur-
gery. Similarly D-lactic acidosis, diarrhea, ulcer-
ation, and bleeding may be a consequence of 
bacterial overgrowth within dilated or obstructed 
loops or diverticulae that although manageable 
by a reduced carbohydrate diet and cyclical oral 
nonabsorbable antibiotics, may better respond to 
surgical intervention. Recurrent dilatation is not 
always unwelcome and, when complicated by 
stasis and sepsis, is amenable to further bowel 
tailoring and possibly lengthening. 

 Common to patients undergoing AGIR and 
transplant is the not infrequent recalcitrant 
 problem of food aversion that is particularly 
marked in children who have not been fed orally 
during the neonatal period. These patients remain 
gastrostomy or feeding-tube dependent despite 
having achieved enteral autonomy, highlighting 
the need to recognize the importance of brain 
learning for food recognition during the early 
weeks of postnatal life. Older patients may pres-
ent with food refusal or aversion as a symptom of 
more severe psychological illness and merit 
ongoing skilled psychological care. 

 It is not the intention, in this discourse, to list 
every complication but rather to highlight the com-
moner long-term concerns. Suffi ce to say that the 
majority of patients undergoing bowel reconstruc-
tion have achieved enteral autonomy and are physi-
cally and mentally stable, with a minority who still 
require a much reduced level of parenteral support, 
often only fl uid and electrolyte supplements, and 
still able to lead lives of acceptable quality.  

28.23     Transplantation 

 Transplantation should be regarded as a very def-
inite and signifi cant option for those suffering 
from intestinal failure. Patients with no residual 
small bowel, those with a poor quality of life 
despite autologous reconstruction, and those with 
precarious venous access or severe hepatic dis-
ease will be candidates for isolated bowel, liver- 
bowel, or multivisceral transplant. Better 
understanding and more refi ned immunosuppres-
sion have increased graft and patient survival to 
>95 % at 1 year with most patients on enteral 
nutrition alone. However despite the more recent 
inclusion of the colon with the graft, posttrans-
plant bowel function is not normal with an 
increased frequency of motions. The need for 
constant monitoring detracts from the quality of 
life, and acute graft rejection, sepsis, and an 
increased incidence of posttransplant lymphop-
roliferative disease reduce the 5-year survival to 
55–65 %. Chronic graft rejection with loss of 
graft function and graft-versus-host rejection fur-
ther reduces survival to 50 % at 10 years. Despite 
reasonable survival rates, transplantation should 
not be the fi rst choice but remains a fi nal and 
most welcome option for those SBS patients who 
have exhausted autologous bowel alternatives.  

    Conclusions 

 The introduction of total parenteral nutrition has 
been vital for the long-term survival of patients 
with the short bowel state. The shift away from 
hepatotoxic soya-based lipids has markedly 
reduced the liver injury and end- stage liver fail-
ure that was a major cause of death or referral for 
transplantation. Better venous feeding catheter 
management and HPN have preserved central 
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venous access and have reduced catheter-related 
sepsis and central vein thrombosis. Long-term 
survival on TPN opened the way to the develop-
ment of autologous bowel reconstruction within 
an intestinal failure rehabilitation program. There 
is now a better-structured care pathway with 
improving outcomes so that patients unfortunate 
enough to suffer disastrous loss of their midgut 
can genuinely hope for enteral autonomy and 
good quality life of relatively normal longevity.     
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      Intestinal Polyposis                     

     Luca     Pio    ,     Alessio     Pini Prato    , and     Girolamo     Mattioli    

29.1          Introduction 

 A polyp is any growth or mass protruding from a 
mucous membrane into the gastrointestinal (GI) 
tract. Isolated/single polyps usually occur in chil-
dren with an overall incidence of 2 % without an 
increased risk of gastrointestinal cancer [ 1 ]. 
Multiple polyps (juvenile polyposis syndrome) 
are relatively rare, with an incidence ranging 
between 0.625 and 1 into 100,000 children [ 2 ] 
and a predisposition toward malignancy [ 3 ]. 

 Histologically, polyposis is classifi ed as ham-
artomatous or adenomatous polyposis. 

29.1.1     Hamartomatous Polyposis 

29.1.1.1     Juvenile Polyposis 
 As defi ned by the WHO classifi cation, juvenile 
polyposis (JP) is a familial cancer syndrome with 
an autosomal dominant trait [ 4 ]. Initially reported 
by McColl in 1964 [ 5 ], the diagnosis is based on 
the following major diagnostic criteria reported 
by the World Health Organization (WHO) [ 6 ]:

•    More than fi ve juvenile polyps in the colon or 
rectum  

•   Juvenile polyps throughout the gastrointesti-
nal tract  

•   Any number of juvenile polyps in a person 
with a family history of juvenile polyposis    

 JP has an incidence ranging between 0.625 
and 1 into 100,000 children without gender pre-
ponderance. In the vast majority of cases, JP is 
diagnosed before the second decade of life, usu-
ally between 6 months and 5 years of age [ 7 ,  8 ]. 
JP can involve the entire GI tract without a spe-
cifi c site preponderance. Though, in majority of 
cases, they occur in the hindgut. 

 Presenting symptoms include abdominal pain, 
prolapse, intussusception, anemia, melena, and 
protein-losing enteropathy. The most severe form 
presents in infancy with severe diarrhea, hypoal-
buminemia, macrocephaly, and a worse progno-
sis. The severity of manifestation is directly 
related to the number of polyps. 

 Congenital associated malformations can 
occur in 11–15 % of patients, involving the geni-
tourinary tract, central nervous system, heart and 
soft tissues with hemorrhagic telangiectasia, and 
arteriovenous malformations reported in several 
papers [ 4 ]. 

 The macroscopic aspect of polyps is charac-
terized by the sessile aspect in the stomach and 
pedunculated polyps in the other GI tract with a 
maximum diameter approaching 5 cm. 
Multilobulated polyps represent 20 % of the 
 overall JP. The histopathology reveals edematous 
stroma, dilated glands, and infl ammatory cells. 
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 Molecular genetics demonstrated germline 
mutations of BMPR1A and SMAD4 genes in up 
to 20–30 % of patients, with incomplete pene-
trance. These genes are involved in the TGF-B/
BMP pathway, essential for a correct intestinal 
development. Around 20–50 % of patients have a 
family history of JP [ 9 ]. 

 A malignant transformation can involve up to 
20 % of JP located in the upper GI and 34 % for 
those in the colon and rectum, with an overall 
cumulative risk of malignant transformation of 
39 % [ 10 ]. No risk analysis was ever performed 
with regard to the development of upper GI can-
cer [ 3 ]. Nonetheless, prevention and surveillance 
is based on genotype as SMAD4 mutations seem 
to be associated to a further increased risk of 
developing malignancy [ 11 ]. 

 No international guideline provides a suggestion 
of prophylactic surgery as endoscopic polypecto-
mies should be considered the treatment of choice, 
whenever feasible. Total proctocolectomy is sug-
gested only in case of massive polyps that cannot be 
dealt with endoscopically or in case of malignant 
transformation. Regular endoscopic surveillance is 
recommended [ 12 ,  13 ]. Prevention and endoscopic 
surveillance should be scheduled yearly, starting at 
12 years of age or earlier if symptoms occur 
(depending on polyp characteristics) [ 13 ].  

29.1.1.2     Cowden Syndrome 
 Cowden syndrome (CS) was fi rstly reported by 
Lloyd and Dennis in 1963 [ 14 ]. It is also known 
as multiple hamartoma syndrome. The WHO 
classifi cation defi ned CS as an autosomal domi-
nant disease with multiple hamartomas localized 
in organs derived from all the germ cell layers. 

 CS is due to a germline mutation of the PTEN 
gene with an age-related penetrance and variable 
expression: several extra-gastrointestinal dis-
eases were reported as uterine leiomyoma, mac-
rocephaly, breast carcinoma, melanoma, thyroid 
abnormalities, and gangliocytoma of the cerebel-
lum (Lhermitte-Duclos disease) [ 4 ]. About 44 % 
of PTEN mutations occurred de novo; however, a 
genetic testing is indicated in at-risk relatives. 

 The reported incidence of CS is among 
1:200,000 [ 9 ]. Hamartomatous polyps were 
reported in 35–85 % of CS patients, but also 

colonic lipomas, adenomas, infl ammatory pol-
yps, and ganglioneuromatous and hyperplastic 
polyps may be present, and among 70 % of 
patients have more than one polyp [ 15 ]. 

 CS polyps typically presented as juvenile pol-
yps are characterized, with the same surgical 
management and a low risk of malignancies. 
Prophylactic colectomy is not advocated, though 
some papers reported an increased risk of devel-
oping colorectal cancer (16 %, 95 % CI 8 %, 
24 %). Of note, endoscopic surveillance is rec-
ommended starting before 40 years of age with a 
follow-up interval depending by the type and 
number of polyps [ 16 ]. Surveillance of patients 
with CS should include thyroid, breast, skin, kid-
ney, and uterine cancer screening [ 13 ].  

29.1.1.3     Peutz-Jeghers Syndrome 
 Peutz in 1921 and Jeghers in 1944 reported the 
fi rst cases of the association of mucocutaneous 
pigmentation and intestinal polyps [ 17 ,  18 ]. 

 Peutz-Jeghers syndrome (PJS) is described by 
the WHO as a cancer syndrome with 
 mucocutaneous melanin pigmentation and polyp-
osis mainly localized in the small intestine. Other 
extra-gastrointestinal localizations were described 
with uterine, breast, pancreatic, testis, and ovarian 
tumors. The pigments may appear on the buccal 
mucosa, lips, hand, and face; gastrointestinal pol-
yps occur in 88 % of patients with the vast major-
ity in the small bowel (96 %) [ 13 ]. 

 Diagnosis requires the concomitant presence 
of two of the following three diagnostic criteria: 
(1) family history of PJS, (2) mucocutaneous 
lesions with hyperpigmentation, and (3) hamar-
tomatous polyps in the GI tract. 

 PJ polyps have a central core of smooth mus-
cle and are covered by the native mucosa, and in 
case of intussusception, the pathological exami-
nation can be complicated by a secondary isch-
emic necrosis (Fig.  29.1 ). Polyps may appear 
multilobulated, with a heterogeneous size (small 
sessile nodules or pedunculated large polyps).

   Mutations of STK11 (previously known as 
LKB1) were described in 80–94 % of tested 
 individuals with PJS. The frequency of pathoge-
netic variants in familial cases can be as high as 
100 % [ 13 ]. 
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 PJS has a prevalence of 1:50,000 to 1:200,000 
without ethnic or gender preponderance [ 9 ]. 

 PJ polyps may cause intussusception, bleed-
ing, anemia, intestinal obstruction, and abdomi-
nal pain. One third of PJS polyps are symptomatic 
at 10 years of age. Diagnostic imaging can 
include conventional endoscopy, upper gastroin-
testinal and small bowel contrast study, computed 
tomography, and capsule endoscopy that was 
recently adopted in children [ 19 ]. 

 Surgical resection by enterotomy with intra-
operative endoscopy is recommended in the case 
of all polyps larger than 15 mm of diameter, and 
extensive intestinal resection is not warranted. 
Surveillance of PJS patients should be started 
with capsule endoscopy at age 8 years and 
repeated every 3 years, and a second baseline 
examination should be started at age 18 years and 
repeated every 3 years [ 13 ].   

29.1.2     Adenomatous Polyposis 

29.1.2.1     Familial Adenomatous 
Polyposis (FAP) 

 The defi nition of familial adenomatous polyposis 
was fi rstly provided by Chargelaigue in 1859 [ 20 ]: 
an inherited condition in which numerous adeno-
matous polyps arise mainly from the  epithelial lin-
ing of the large bowel. The WHO defi ned FAP as 
an autosomal dominant disease characterized by 
more than 100 adenomatous polyps [ 4 ]. 

 The incidence of FAP is between 1:10,000 and 
1:15,000 live births [ 13 ]. Familial history can be 
negative in over 20 % of patients given the possi-
ble misdiagnosis of relatives affected by the dis-
ease or the presence of a de novo APC gene 
mutation. The disease is caused by a germline 
mutation of the APC gene with a 100 % of pene-
trance. Another gene called MUTYH accounts 
for the so-called autosomal recessive FAP which 
is milder and defi nitely less frequent. 

 FAP is mostly present in the second and third 
decade of life, and polyps increase in size and 
number with age. Cancer develops among 40–50 
years of age [ 21 ] with a cumulative risk of 
colorectal cancer development higher than 90 % 
after the age of 50. 

 Aspecifi c symptoms include diarrhea, abdom-
inal pain, rectal bleeding, palpable masses, and 
constipation. 

 FAP polyps occur throughout the colon, but 
fundic gland polyps have also been described in 
the stomach in 90 % of patients, though without 
increased cancer risk development. Duodenum 
can also be involved with adenomatous polyps 
carrying a 5 % of progression to cancer [ 21 ]. 

 Extraintestinal manifestations were described 
including dental anomalies, lipomas, desmoid 
tumors, epidermoid cysts, osteomas, congenital 
hypertrophy of the retinal pigment epithelium 
(CHRPE), and brain tumors. 

 Diagnosis is based on clinical presentation 
and familial history. Usually a sigmoidoscopy or 
a full colonoscopy with biopsies provides diag-
nosis of FAP. Nonetheless, genetic testing pro-
vides the ultimate diagnosis in 95 % of cases. 

 Prophylactic laparoscopic total colectomy is 
advocated with rectal mucosectomy and ileal 
J-pouch anastomosis. Post-colectomy surveil-
lance should include physical examination with 
examination of the pouch and the transitional 
anal zone. 

 A careful attention must be done also to the 
upper gastrointestinal surveillance, for the 
screening of gastric and proximal small bowel 
tumors with a gastroduodenoscopy starting at 
age 25–30 years and repeated every 0.5–4 
years according to the Spigelman stage of pol-
yposis [ 14 ].  

  Fig. 29.1    Macroscopic fi ndings of an isolated polyp in 
Peutz-Jeghers syndrome: polyp is characterized by a cen-
tral core of smooth muscle and is covered by the native 
mucosa       
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29.1.2.2     Gardner Syndrome 
 Gardner syndrome (also known as familial 
colorectal polyposis) was fi rstly described by 
Eldon J. Gardner in 1951 [ 22 ] as a variant of FAP 
associated to epidermoid cysts, dental anomalies, 
desmoid tumors, and multiple osteomas that can 
be localized in the skull (mostly in the mandibu-
lar angle), the paranasal sinuses, and in the long 
bones. GS is an autosomal dominant disorder 
caused by a mutation of the APC gene, with an 
estimated incidence of 1:14,025 live births [ 23 ] 
and no gender preponderance. 

 GS may also have a gastric localization with 
multiple polyps [ 24 ]. 

 Colorectal cancer develops in 100 % of GS 
patients with colonic polyps. On the ground of 
these considerations, surgical strategies are simi-
lar than FAP, with restorative proctocolectomy 
and ileal pouch-anal anastomosis [ 25 ].  

29.1.2.3     Turcot Syndrome 
 Turcot syndrome (TS) was originally described by 
Turcot and colleagues in 1959 and represents a 
variant of FAP, with an association with brain 
tumors (medulloblastoma and glioblastoma) [ 26 ].    

29.2     Surgical Treatment 

 Usually a staged procedure is preferred and includes 
total proctocolectomy with J-pouch ileoanal anasto-
mosis and diverting ileostomy in order to avoid 
anastomotic leakage and prevent pouchitis [ 27 ,  28 ]. 
Reported surgical outcomes are good in terms of 
quality of life, patient satisfaction, and intestinal 
function, with satisfactory continence reported in 
nearly 90 % of patients. The most common surgical 
complications include pouchitis, anastomotic stric-
tures, anastomotic leakage, and fi stula and have 
been reported in 10–30 % of cases [ 29 ,  30 ]. 

29.2.1     Laparoscopic 
Proctocolectomy and J-Pouch 
Ileoanal Anastomosis 

 A 12-mmHg CO 2  pneumoperitoneum is created 
after insertion of a 12-mm port in the umbilicus. 
Two operative 5-mm ports are inserted in the 

fl anks, and a third 12-mm operative port is 
inserted in the right iliac region. 

 Dissection of the colon is started at the recto-
sigmoid junction using vessel-sealing devices for 
the sigmoid arteries and inferior mesenteric 
artery, which is spared, thanks to the marginal 
dissection of the large bowel (provided malig-
nant transformation did not occur). Colectomy is 
then carried out in an anticlockwise direction up 
to the last ileal loop. Bundles for a correct and 
safe laparoscopic colectomy are (1) ureter identi-
fi cation, (2) transverse colon dissection with gas-
tric vessel preservation (Fig.  29.2 ), (3) careful 
identifi cation and preservation of the Treitz liga-
ment at the splenic fl exure, and (4) careful iden-
tifi cation and preservation of the duodenum at 
the hepatic fl exure during Kocher maneuver. The 
rectum is then dissected down to the peritoneal 
refl ection and interrupted with a mechanical lin-
ear stapling device (Fig.  29.3 ). Under laparo-
scopic view, the colon is then extracted extending 
slightly the incision of the right iliac trocar where 
the terminal ileostomy will be fashioned.

29.2.2         Ileal Pouch-Anal Anastomosis, 
Proctectomy, and Rectal 
Mucosectomy 

 A 3-cm J-pouch ileal reservoir with vascular sup-
ply control is created using the right iliac incision 
used to extract the colon (Fig.  29.4 ). The J-pouch 

  Fig. 29.2    Transverse colon dissection and omentectomy 
with preservation of gastric vessels       
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is returned in the peritoneal cavity and a 
multichannel- access fl exible SILS® Port 
(Covidien plc, Cherrywood Business Park, 
Loughlinstown Co., Dublin, Ireland) is inserted 
in the ileostomy site and used for further two 
5-mm service instruments (Fig.  29.5 ).

    Again a 12-mmHg CO 2  pneumoperitoneum is 
created and the rectal stump is identifi ed. 
Radicalization of proctectomy is performed 
either close to the rectum or inside the muscular 
rectal wall (robotic surgery, personal unpub-
lished experience) to preserve the innervation 
and integrity of pelvic organs (ureters, vagina, or 
seminal vesicles). Mesorectal vessels are well 
identifi ed, coagulated close to the rectum, and 
dissection is performed down to the levator ani 
muscle. 

 Endorectal mucosectomy is then performed 
after identifi cation and careful preservation of the 
dentate line, paying great attention not to retain 
mucosal islands during endorectal dissection. 
The rectal stump is then everted through the anus 
and removed. 

 A careful control avoiding any J-pouch tor-
sion is performed, and a hand-sewn J-pouch ileo-
anal anastomosis is performed. At the end of the 
procedure, a terminal ileostomy is created in the 
site of colon extraction (right iliac fossa) in order 
to avoid anastomotic leak as stated above.      
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30.1          Introduction and 
Epidemiology 

 Primary gastrointestinal (GI) tumors are rare enti-
ties in children, accounting for only 1 % of neo-
plasms, with estimated prevalence of 9–12 per 
100,000 [ 1 ]. Therefore, the majority of informa-
tion available is derived from small case series or 
single case reports, and clinical management 
often mirrors experience in adults. Due to the rar-
ity of these conditions, patients should be referred 
to specialized hospitals. Lymphoma represents 
the most common GI tumor, followed by colorec-
tal carcinoma, neurogenic tumors, and polyps [ 1 ].  

30.2     Clinical Features 

 As opposed to adult, clinical onset is often abrupt 
in children, with diagnosis occasionally made 
during urgent abdominal exploration due to acute 
presentation, usually intestinal obstruction 
caused by an irreducible intussusceptions, appen-
dicitis, or bleeding. Other times, vague symp-
toms such as nonspecifi c abdominal pain, nausea, 
vomiting, changes in bowel habits, and weight 
loss last a long time before the correct diagnosis 

is suspected [ 2 ]. Physical examination may 
reveal a palpable abdominal mass or blood dur-
ing digital rectal examination. It is important to 
know that, albeit the majority of GI tumors are 
sporadic, they can occur in the setting of inherit-
able predisposing syndromes. In this case it is 
particularly crucial to early recognize specifi c 
warning signs through accurate inspection of the 
patient and family history. When possible, estab-
lishing a genetic diagnosis is the fi rst step for 
starting a proactive cancer screening program 
both for the patient herself who often has 
increased risk of other extra GI neoplasms, and 
for her family [ 3 ].  

30.3     Diagnosis 

 Diagnosis usually is based on a combined 
approach of imaging technique, such as CT, MRI, 
ultrasound, and PET, but defi nitive diagnosis is 
made based on histological examination. In some 
cases specifi c blood or urine test is useful for 
characterizing and monitoring the disease; that is 
the case of specifi c hormones for NETs [ 4 ].  

30.4     Management 

 As previously said, due to the rarity of GI tumors 
in children, comprehensive guidelines for clini-
cal management are often lacking; hence, there is 
uncertainty about the optimal treatment  strategies. 
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The mainstay of treatment for the majority of 
tumors is surgical radical resection although spe-
cifi c approach combining surgical to radio-/che-
motherapy depends on the histological type. In 
the same way, follow-up of the patient depends 
on the type and the stage of lesion. For inherited 
syndromes conferring an augmented risk of can-
cer, a rigid screening for other neoplasms is man-
datory, following specifi c guidelines [ 3 ,  5 ].  

30.5     Primary GI Lymphoma 

 Lymphoma accounts for the majority of GI 
malignancies. In a recent review of the SEER 
cancer registry [ 6 ], the annual incidence of pri-
mary GI lymphoma was approximately 0.199 
cases per 100,000 with a striking majority of 
cases occurring in males. The most common type 
is non-Hodgkin lymphoma (NHL) and specifi -
cally Burkitt lymphoma (BL). Most frequently 
GI lymphoma involves the terminal ileum and 
cecum, as opposed to the stomach in adults, but 
can involve all portions of the GI tract. Symptoms 
depend on the location and usually include a his-
tory of nonspecifi c abdominal pain, nausea, vom-
iting, or weight loss followed by an acute 
exacerbation due to intussusception or GI perfo-
ration. The diagnosis of primary GI lymphoma 
follows the Dawson’s criteria: absence of periph-
eral lymphadenopathy and enlarged mediastinal 
lymph nodes, normal white blood cell count, and 
predominance of bowel lesion at the time of lapa-
rotomy with only lymph nodes affected in the 
immediate vicinity and no involvement of liver 
and spleen [ 7 ]. Appropriate diagnosis and staging 
is based on endoscopic ultrasound (EUS) with 
biopsies when possible, computed tomography 
(CT), magnetic resonance imaging (MRI), and 
18F-fl uorodeoxyglucose positron emission 
tomography (FDG–PET). Bone marrow biopsy is 
needed for complete staging. While surgery has 
been considered for long the standard of care for 
treatment of GI lymphoma, its role to date is 
debated except for the case of acute complica-
tions, and management is often based on combi-
nation with chemo-/radiotherapy depending on 
the stage at presentation [ 6 ,  8 ,  9 ]. 5- and 10-year 

DSS (disease-specifi c survival) for all patients is 
85 % and 81 %, respectively, but tumor location is 
an independent predictor of survival, with better 
outcome for small and large bowel tumors com-
pared with gastric tumors [ 6 ]. 

 BL is the most common GI lymphoma in chil-
dren. It is an aggressive mature B-cell neoplasm 
with three clinical variants: the endemic form asso-
ciated to EBV infection in Africa, where BL repre-
sents the most common malignancy in children, the 
sporadic variant which is associated with EBV only 
in 30 % of the cases, and immunodefi ciency- 
associated BL, associated with HIV infection. All 
three subtypes characteristically harbor one of the 
pathogenetic rearrangements of c-Myc oncogene 
causing cell cycle deregulation and tumor forma-
tion [ 10 ]. While the endemic form typically pres-
ents as a jaw or facial bone tumor, clinical 
presentation of GI BL is usually marked by the 
rapid growth of an intra-abdominal mass, causing 
symptoms of bowel obstruction or intussusceptions. 
Rarely it could masquerade as appendicitis; there-
fore, it should be considered a differential diagnosis 
especially in children from endemic areas present-
ing with atypical and long-lasting right iliac fossa 
pain. In this case histological examination of appen-
dicectomy specimen is warranted [ 11 ]. In the set-
ting of an acute abdomen, imaging techniques such 
as US and CT are useful in detecting a mass, but this 
should be distinguished from other common pediat-
ric malignancies such as neuroblastoma and Wilms’ 
tumor and other forms of lymphoma. Therefore, 
careful histopathologic analysis is needed. Gallium 
67 scintigraphy and PET are also needed to evaluate 
stage and treatment response [ 12 ]. Even if untreated 
cases rapidly progress to widespread metastases 
and death, BL is chemosensitive and the introduc-
tion of multiagent high-intensity chemotherapeutic 
regimens has led to an optimal remission rate [ 10 ].  

30.6     Polyps and Polypoid 
Diseases 

 Colorectal polyps in children are usually benign 
and could be easily resected via endoscopic pol-
ypectomy, but a small fraction of cases hides risk 
for cancer and should be carefully evaluated. 
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Typical clinical signs at presentation include rec-
tal bleeding with anemia, abdominal pain, diar-
rhea, passage of tissue per rectum, and 
intussusception. Based on microscopic appear-
ance, colorectal polyps can be divided into two 
different types: hamartomas and adenomas. The 
former are generally benign, but infrequently 
could show dysplastic changes and have neoplas-
tic potential, while the latter are properly dys-
plastic, precancerous lesions. 

  Hamartomas     The majority of polyps found in 
children are isolated juvenile polyps, more fre-
quently involving the colon and the rectum, with 
minimal risk of malignant transformation. In this 
case, the hamartoma could be removed endo-
scopically with no need for additional follow-up. 
However, a family history of juvenile polyps or 
germline mutations should prompt the evaluation 
for a premalignant condition, such as juvenile 
polyposis syndrome (JPS) or Peutz–Jeghers syn-
drome (PJS) even in the presence of a single 
polyp [ 13 ]. JPS is a rare (incidence of 1 in 
100,000) autosomal dominant condition with 
variable penetrance, characterized by multiple 
gastric, small intestinal, and colonic polyps. The 
majority of them, usually 50–100, are found in 
the colon [ 14 ]. A family history is reported in 
75 % of patients. Only half of patients clinically 
diagnosed with JPS carry a germline mutation in 
the SMAD4 or BMPR1A gene; therefore, more 
often diagnosis cannot rely on genetic screening 
and is based on the following clinical criteria: (i) 
at least fi ve juvenile polyps in the colorectum, (ii) 
juvenile polyps in other parts of the GI tract, or 
(iii) any number of juvenile polyps in a person 
with a known family history of juvenile polyps 
[ 3 ]. Patients usually develop symptoms in the 
fi rst two decades of life. JPS patients carry a 
cumulative lifetime risk of colorectal cancer of 
39 % [ 13 ] and increased risk for gastric, duode-
nal, and pancreatic cancers. For these reasons, 
surveillance colonoscopy and upper endoscopy 
every 1–3 years are recommended from the age 
of 12. Limited number of polyps could be treated 
with endoscopic polypectomy, but colectomy 
with IRA (ileal–rectal anastomosis) is indicated 
in the case of cancer or high-grade dysplasia fol-

lowed by surveillance of the remaining rectum or 
pouch [ 3 ].  

 Peutz–Jeghers syndrome (PJS) is a rare (1 in 
120,000 births) autosomal dominant syndrome 
with variable penetrance characterized by muco-
cutaneous pigmentation, that is present in more than 
95 % of patients, and increases the risk of GI, 
breast, testicular, pancreatic, ovarian, and uterine 
cancers. Mucocutaneous pigmentation is 1–5 mm 
spots of the perioral area and buccal mucosa 
which appear in childhood and may fade with age 
(Fig.  30.1 ). They could also involve the forearms, 
palms, digits, soles, perianal area, and, rarely, 
intestinal mucosa. A common primary presenta-
tion is intussusception of small bowel polyps 
requiring urgent surgical procedure. Histological 
features of polyps are unique (nondysplastic, 
with normal overlying epithelium and muscularis 
mucosae extending into branching fronds of the 
polyp). Genetic testing is based on LKB1/STK11 
mutation screening, which can be found in 94 % 
of cases. Once identifi ed, the mutation should be 
searched for in other family members [ 3 ]. 
Screening recommendations include colonos-

  Fig. 30.1    Mucocutaneous pigmentation representative 
of Peutz–Jeghers syndrome (PJS) (Reproduced from 
Alawi 2013 [ 15 ])       
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copy, upper GI endoscopy, and small bowel video 
capsule endoscopy starting from the age of 8 with 
removal of polyps up to 1 cm in diameter. 
Colectomy should be considered further in the 
clinical management.

    Adenomas     This type of polyps is usually asso-
ciated with polyposis syndromes such as familial 
adenomatous polyposis (FAP), attenuated famil-
ial adenomatous polyposis (AFAP), and MYH- 
associated polyposis (MAP). FAP is the most 
common, while the other two conditions rarely 
present with intestinal lesions during childhood 
or adolescence and are no further described in 
this chapter. FAP is an inherited condition char-
acterized by early onset of multiple adenomas 
(>100) throughout the large bowel. Its estimated 
frequency is 1 in 13,000–18,000 live births [ 16 ]. 
It is caused by a mutation of the adenomatous 
polyposis coli (APC) gene, usually inherited in 
an autosomal dominant manner, but in 20–30 % 
of cases represents a  de novo  condition. Even if 
the most common alteration is a truncating muta-
tion, many other causative mutations have been 
reported to date. Genotype–phenotype correla-
tions have been observed and should be taken 
into consideration in decision making [ 17 ]. 
Adenomas fi rst appear at an average age of 16, 
and progression to colorectal cancer is almost 
inevitable by the age of 50 [ 14 ]. Usually patients 
present to physicians’ attention either because of 
symptoms of multiple and large adenomas, e.g., 
rectal bleeding or anemia or other nonspecifi c 
complaints such as change in bowel habits, con-
stipation, diarrhea, and abdominal pains, or for 
evaluation after a family member has been diag-
nosed. In the fi rst setting, the fi nding of multiple 
adenomas (>10) should address the patient to 
comprehensive genetic testing for one of the 
various polyposes, including APC and MUTYH 
gene mutation analysis [ 3 ]. In more than 90 % of 
cases, it is possible to identify the causative 
mutation by commercially available gene 
sequencing on a routine blood sample [ 14 ]. 
Nevertheless, the absence of a mutation does not 
defi nitively rule out a clinical diagnosis if the 
phenotype is striking. On the contrary, a negative 
test in a relative of a patient with known patho-

genetic mutation allows the physicians to 
exclude the diagnosis. The main goal in manag-
ing these patients is cancer prevention. For 
colorectal cancer screening, a sigmoidoscopy is 
recommended every 1–2 years starting at 10–12 
years of age and should include registration of 
polyp number, size, and distribution and multi-
ple biopsies [ 3 ]. Colectomy remains the corner-
stone of cancer prevention and is usually 
recommended between 15 and 25 years of age 
[ 13 ]. Early surgery is mandatory in the case of 
documented or suspected cancer and should be 
taken into consideration in case of large polyps 
(>10 mm), high-grade dysplasia polyps, and 
marked increase in number of polyps and symp-
toms. Surgical procedures of choice are colec-
tomy with IRA (ileal–rectal anastomosis) or 
proctocolectomy with IPAA (ileal pouch–anal 
anastomosis). Number and localization of pol-
yps and type of APC mutation are to be consid-
ered in determining the optimal procedure. Of 
note, adenomas and cancer may still develop in 
the remaining rectal epithelium or in the anal 
transition zone; therefore, postsurgical surveil-
lance should include yearly endoscopy of the 
rectum or ileal pouch and examination of the 
ileostomy every 2 years [ 3 ]. In individuals with 
FAP, there is also an increased risk for upper GI 
adenomas and cancer, even if mean age of duo-
denal cancer diagnosis is later in the course of 
the disease (usually between 47 and 51) [ 16 ]. 
Upper GI screening should therefore be per-
formed starting at the age of 25–30 [ 3 ]. Another 
important cause of morbidity and the second 
cause of death in these patients are desmoid 
tumors, occurring in 15 % of them. The usual 
sites are small bowel mesentery and abdominal 
wall, with few arising in the trunk or limbs, rang-
ing from 1 to 10 per individual. They could 
remain asymptomatic or cause bowel or ureteric 
obstruction, perforation, fi stula, or hemorrhage, 
and their treatment still remains a challenge for 
the risk of bleeding, recurrence, or consequent 
short bowel syndrome [ 16 ]. Other malignancies 
associated with FAP are thyroid cancer, for 
which annual thyroid ultrasound is also recom-
mended; hepatoblastoma, for which the need of 
screening with α-fetoprotein monitoring and 
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liver ultrasound is still debated [ 3 ]. Congenital 
hypertrophy of the retinal pigment epithelium 
(CHRPE) is another typical feature of FAP, 
present in roughly 70–80 % of patients. It 
refers to the presence of characteristic pig-
mented fundus lesions that are usually present 
at birth, asymptomatic, and with no malignant 
potential, but ophthalmological examination 
could be a useful early diagnostic test for at-
risk family members, combined with genetic 
analysis [ 16 ].   

30.7     Colorectal Carcinoma 

 Colorectal carcinoma (CRC) is the most com-
mon neoplasm arising from the colon. Although 
it is a very common cancer in adults, it is 
extremely rare in people aged less than 20, with 
an annual incidence of only about 1 case per mil-
lion in this population [ 18 ]. Due to the rarity of 
this disease, it is diffi cult to understand the 
underlying causes, but it seems unlikely that risk 
factors associated with an increase incidence in 
adults, such as obesity, excess alcohol or red 
meat consumption, and smoking, play an impor-
tant role in the pathogenesis of the disease in 
younger patients. In the same way, the stepwise 
malignant transformation from adenomas to 
invasive carcinoma, validated for adult CRC, 
appears to be less clear. In fact, the early age of 
presentation, the different histology, and the 
paucity of premalignant adenomas do not sup-
port this hypothesis except in the case of FAP 
[ 19 ]. The majority of cases of CRC are sporadic, 
but 10–20 % of patients present a predisposing 
condition such as FAP or other polyposis syn-
dromes. These conditions are rare but, when 
present, greatly increase the risk of future devel-
opment. Another important predisposing condi-
tion is hereditary nonpolyposis colon cancer 
(HNPCC) syndrome (Lynch syndrome) due to 
germline mutation of DNA mismatch repair 
genes. Criteria to identify patients affected are 
clinical (Revised Amsterdam Criteria) and 
require a diagnosis of CRC in at least three indi-
viduals spanning two generations, at least one of 
whom is a fi rst-degree relative of the other two. 

These families also carry a higher risk of other 
tumors, such as gastric, small bowel, hepatobili-
ary, gynecologic, and urinary cancers [ 20 ]. 
Infl ammatory bowel diseases such as ulcerative 
colitis and Crohn disease are also associated 
with the development of CRC. The earlier the 
age of diagnosis of this disease, the earlier and 
the higher is the risk of cancer [ 20 ]. Hallmarks 
of CRC in children are the advanced stage and 
aggressive biology, as revealed by a consider-
ably higher rate of mucinous histology (62 %) 
than in adults (11–13 %) which globally confer a 
poorer outcome [ 21 ]. Diagnosis in children is 
often delayed, due to underestimation of vague 
symptoms of early CRC resembling those of 
benign common pediatric illnesses. Anemia, 
abdominal or rectal pain, bleeding, weight loss, 
and bowel habit modifi cations are the most 
reported complaints, with a median duration of 
symptoms of 3 months [ 21 ]. Due to the rarity of 
the disease in children, experience in clinical 
management is limited, with recommendations 
deriving mostly from adult patients. Thus, com-
plete evaluation of a patient with suspected CRC 
should include chest X-ray; CT of the chest, 
abdomen, and pelvis; and a bone scan. But defi n-
itive diagnosis is obtained only with histopatho-
logic examination. Total colonoscopy is also 
recommended in order to identify other lesions 
or polyps. The role of FDG–PET scans and car-
cinoembryonic antigen (CEA) assay is unclear 
in children, since they appear to be less helpful 
in these patients [ 19 ]. Recommended staging 
system is the same adopted for adults, with the 
American Joint Committee on Cancer (AJCC) 
Staging System being the most widely used. The 
mainstay therapy is surgical complete resection, 
following principles established in adults. That 
consist of en bloc resection of the tumor and any 
other structures attached to it and removal of 
vascular and lymphatic vessels. At least 5 cm of 
margin of normal bowel and 12 negative lymph 
nodes should be obtained in order to consider the 
resection adequate [ 19 ]. In cases with advanced 
 disease, combination therapy with fl uorouracil, 
folinic acid, oxaliplatin, irinotecan, and bevaci-
zumab should be attempted [ 20 ].  
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30.8     Gastroenteropancreatic 
Neuroendocrine Tumors 

 Neuroendocrine tumors (NETs) are rare entities 
arising from cells of the neuroendocrine system. 
They can occur in many organs including the 
lungs, bronchial tree, thymus, testis, and thyroid, 
but over 50 % involves the gastrointestinal tract 
and the pancreas (gastroenteropancreatic NETS 
or GEP-NETs). The term “carcinoids” previously 
used referring to the presumed benign behavior is 
now considered inappropriate, since it is well 
established that all NETs can become fully 
malignant, and it is no longer included in the 
2010 WHO classifi cation [ 22 ]. Histological fea-
tures of this particular type of neoplasms are 
peculiar and consist of small blue cells positive to 
markers of neuroendocrine tissue, including 
neuron- specifi c enolase, synaptophysin, and 
chromogranin. In addition, specifi c histological 
features vary according to the site of origin [ 4 ]. 
While the majority of GEP-NETs are sporadic, it 
is well worth to point out that they can occur in 
the setting of specifi c inherited familial syn-
dromes including multiple endocrine neoplasia 
type 1 (MEN1) and type 2 (MEN2), von Hippel–
Lindau disease, neurofi bromatosis type 1, and 
tuberous sclerosis. For this reason it is necessary 
to ask the patient about family and personal his-
tory of other neoplasms linked to one of these 
syndromes (medullary thyroid carcinoma, pheo-
chromocytoma, adrenocortical tumors, thymic 
and/or bronchial tube endocrine tumors, clear 
cell renal carcinoma) and look for peculiar signs 
during physical examination such as neuromas, 
café au lait macules of the skin, or signs of hyper-
parathyroidism [ 5 ]. In case of suspect, it is man-
datory to address the patient to a specialist center, 
both for genetic diagnosis and counseling and for 
proactive screening and, if necessary, surgical 
procedures. Clinical presentation of NET is quite 
variable, depending on whether the tumor is 
functioning or not. Functioning tumors secrete 
hormones, such as serotonin, insulin, and gastrin, 
responsible for specifi c clinical syndromes. The 
most common symptoms related to the predomi-
nant form of hormone secreted by specifi c type of 
NET are listed in Table  30.1 . A peculiar clinical 

presentation is the so-called carcinoid syndrome 
which refers to facial fl ushing, diarrhea, wheez-
ing, colicky abdominal pain, and edema caused 
by the release of serotonin directly in the sys-
temic circulation, therefore bypassing its metab-
olization into inactive products within the liver. 
This is a rare condition, occurring in only 20 % of 
well-differentiated NETs of the midgut, when the 
disease has metastasized to the liver, has invaded 
the retroperitoneum, or, rarely, involves the rec-
tum, and therefore the venous drainage bypasses 
the liver. On the other hand of the spectrum, non-
functioning tumors can be asymptomatic or only 
manifest with local compression or the discovery 
of a mass [ 4 ].

   The most common type of GEP-NETs in chil-
dren is appendiceal NETs, which are usually 
nonfunctioning. Pancreatic NETs account for 
almost a third of all GEP-NETs and are also usu-
ally nonfunctioning. Among the functioning 
ones, insulinoma is the most common, as opposed 
to gastrinoma in adults. Gastric and colonic/rec-
tal NETs are very rare. Diagnosis can be made 
with a combination of clinical, biochemical, and 
imaging techniques. In case of functioning NETs, 
measuring the specifi c hormone secreted is use-
ful both for primary diagnosis and for monitoring 
tumor progression/response to treatment. A com-
bined approach based on CT, MRI, endoscopic 
ultrasound, MIBG scintigraphy, and gallium 68 
PET/CT is used with the aim of detecting the 

   Table 30.1    Clinical features of functioning NETs   

 Tumor  Symptoms 

 Insulinoma  Confusion, sweating, weakness, 
unconsciousness, and relief of 
symptoms with eating 

 Gastrinoma  Peptic ulceration and diarrhea 
(Zollinger–Ellison syndrome) or 
diarrhea alone 

 Glucagonoma  Weight loss, diabetes mellitus, 
diarrhea, and necrolytic migratory 
erythema 

 VIPoma  Profuse diarrhea and marked 
hypokalemia (Verner– Morrison 
syndrome) 

 Somatostatinoma  Weight loss, diarrhea, steatorrhea, 
and diabetes mellitus 

  Reproduced from [ 4 ]  
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primary tumor and especially the possible pres-
ence of multifocal disease, while defi nitive diag-
nosis is confi rmed only by histopathology. As a 
general approach, complete surgical resection is 
considered the only curative treatment. Surgery 
can be useful even in the case of advanced dis-
ease with the aim of reducing the tumor burden 
and improving quality of life. In the last years, 
novel therapeutic options are developed for non-
resectable NETs, including transhepatic emboli-
zation of liver metastasis, image-guided 
radiofrequency ablation, targeted radionuclide 
therapy (MIBG and radiolabeled peptide ther-
apy), the use of somatostatin analogues, and che-
motherapy [ 4 ]. Overall 5-year survival for 
children and adolescents with NETs (all site) is 
78 %, with particularly favorable outcome for 
appendix and colon/rectum location (>95 % 
5-year survival) [ 23 ]. 

 Appendiceal carcinoid tumors are the most 
common GEP-NET in children. Usually they are 
detected incidentally during specimen examina-
tion after emergency appendicectomy, represent-
ing approximately 0.2 % of patients with acute 
appendicitis [ 24 ]. As for many other rare cancers, 
there are no specifi c guidelines on management 
in pediatric population and recommendations for 
treatment and surveillance are based on the North 
American Neuroendocrine Tumor Society con-
sensus guidelines for adults. According to them, 
it is accepted that tumors <1.0 cm that are com-
pletely excised with appendicectomy are consid-
ered cured and do not warrant additional 
follow-up, whereas for tumors >2 cm, incom-
pletely resected tumor, lymphovascular invasion, 
invasion of the mesoappendix, or high-grade or 
mixed histology, it is indicated to perform sec-
ondary right hemicolectomy and follow-up with 
clinical evaluation, serum chromogranin A and 
24-h urine 5-HIAA monitoring, CT scan or MRI, 
plus somatostatin receptor scintigraphy (octreo-
tide scan) if metastatic disease is suspected [ 25 ]. 
These indications are derived from the observa-
tion that tumor size correlates with metastatic 
potential, usually involving the regional lymph 
nodes rather than the liver [ 26 ]. Luckily, the 
majority of cases in children are <1 cm, and the 
risk of invasive disease is decreased compared to 

adults; moreover, there are reports of long 
disease- free survival in children with tumors 
>2 cm treated with appendicectomy alone; thus, 
it is in doubt whether the need for additional sur-
gery and follow-up should be based solely on 
tumor size [ 27 ].  

30.9     Gastrointestinal Stromal 
Tumors (GISTs) 

 GISTs are rare tumors in pediatric population, 
with an expected incidence in patients 18 years or 
younger of 0.08 per million [ 28 ]. Nevertheless, 
they deserve mentioning because of the unique 
features that distinct pediatric GIST from the adult 
counterpart. The main difference from adult GIST 
is that KIT and PDGFRA mutations are very rare, 
accounting for only 15 % of cases, and conse-
quently response to kinase inhibitors is poor. GIST 
can occur sporadically or in association with 
genetic syndromes (Carney triad and Carney–
Stratakis syndrome in case of pediatric GIST). 
Median age at presentation is 13, with a female 
predominance. Most cases are located in the stom-
ach with a nodular growth pattern (Fig.  30.2 ) often 
ulcerated in the surface, causing acute or chronic 
bleeding. In fact, typical signs at presentation are 
gastrointestinal bleeding and anemia. Multitumor 
foci and lymph node or liver metastasis are 
extremely common. Small intestine GISTs are rare 
and usually show a more aggressive behavior [ 29 ]. 

  Fig. 30.2    Nodular growth pattern characteristic of GIST 
(Reproduced from Lima et al. 2015 [ 31 ])       

 

30 Gastrointestinal Tumors in Children and Adolescents



418

In addition to upper GI imaging, revealing single 
or multiple solid nodular masses with well-cir-
cumscribed round margins, histological examina-
tion is necessary to confi rm the diagnosis. Tissue 
samples can be obtained by endoscopic (with the 
help of ultrasound endoscopy in order to identify 
intramural tumors) or percutaneous approach, but, 
when localized, resection is preferable [ 30 ]. 
Chemotherapy plays no role in GIST treatment, 
while it is recommended to evaluate all cases for 
KIT/PDGRFA mutations that, although rare, pre-
dict a good response to the use of imatinib or suni-
tinib. The mainstay of therapy is surgical removal, 
but relapse occurs in more than 70 % of cases, 
often due to peritoneal seeding. Given the high 
recurrence rate, despite the radicality of resection, 
but at the same time the indolent course of this 
tumor in pediatric population, surgical procedure 
should take into consideration a conservative 
approach [ 28 ]. Laparoscopy is gaining increas-
ingly important role to evaluate the extension of 
the lesion and confi rm the diagnosis and, when 
possible, to immediately proceed to tumor resec-
tion [ 31 ].
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31.1          Introduction 

 The introduction of an optical device into the 
abdomen of a patient in order to carry out a surgi-
cal procedure via a miniaturized camera repre-
sented a major evolution in the surgical world of 
the twentieth century: the “minimally invasive” 
surgery era was born. Although the benefi ts for 
patients of laparoscopic surgery have been clearly 
demonstrated, it brings up new diffi culties for sur-
geons by greatly reducing their maneuvering 
capabilities. The fi rst diffi culty is the loss of sev-
eral senses such as the sense of touch, along with 
a modifi cation in the force feedback. This lack of 
force feedback is also exemplifi ed by current 
robotic systems such as the da Vinci from Intuitive 
Surgical, currently the most used surgical robot 
worldwide. However, the use of stereoscopic 
vision allowed to lessen that perception limit with 
a 3D view of the operative fi eld fi lmed by two 

cameras. Another solution applicable to both 
monoscopic and stereoscopic systems consists in 
using virtual reality and augmented reality. 

 Indeed, from a patient’s medical image (CT 
scan or MRI), the virtual reality software provides 
a 3D model and visualization of the patient. With 
an improved preoperative knowledge of each 
patient’s internal anatomy, practitioners can estab-
lish an improved diagnosis and plan for the best 
suited therapy in a given case. Therefore, 3D 
patient modelling is generally used as a diagnosis 
support or for surgical planning. By combining this 
preoperative 3D modelling with intraoperative 
information, two major computer-assisted surgical 
procedures have been developed: computer- 
assisted guiding systems, using real information to 
control the virtual environment, and augmented 
reality (AR) systems that superimpose virtual 
information onto real images [ 1 ]. These make up 
for the lack of touch by improved surgical images 
augmented by virtual information. Computer assis-
tance will therefore avoid having to locate tumors 
or vessels using the sense of touch, providing visu-
alization through virtual transparency instead. 

 AR is based on two main components. The 
fi rst one is the 3D visualization of anatomical or 
pathological structures that appear on the medi-
cal image. The second one is the registration of 
this visualization on the patient’s real images and 
the tracking of surgical instruments, thus allow-
ing to create virtual transparency. We will present 
such AR systems by describing existing tech-
niques and expected clinical benefi ts.  
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31.2     Visualization of Anatomical 
and Pathological Structures 

 The fi rst expected benefi t of an AR system is to 
provide a fast, effi cient, and easy way to imple-
ment a view of the patient’s anatomy. Any soft-
ware meeting these needs will therefore allow 
for the reading of images recorded during the 
clinical routine in DICOM, the international 
standard format. Moreover, this software will 
have to allow for at least two types of immedi-
ate rendering: a 2D view of image slices and a 
3D view. Several types of 3D volume rendering 
are being used in routine: direct volume render-
ing, MIP (maximum intensity projection) ren-
dering, and ray casting rendering for virtual 
navigations, such as a colonoscopy or fi bros-
copy. Currently, many of the available software 
applications for the visualization consoles of 
radiology departments must be paid for, or can 
be freely downloaded from the Internet. OsiriX 
[ 2 ] is the most notorious and used software 
among radiologists. Although it is very com-
plete, it presents two drawbacks: it only works 
on Mac OS and its user interface is not particu-
larly intuitive for surgeons as it is too similar to 
the software of postprocessing consoles used in 
radiology. Whether it is free or must be paid 
for, we have noticed that these software appli-
cations are scarcely used by surgeons due to 
their complexity: the user interface is sub-
merged with complicated options and lengthy 
training is sometimes required to use the 
software. 

 To overcome this recurring drawback, we 
have developed a software, VR-Render 
(©IRCAD 2010), that has the advantage of being 
very easy to use and requires little training time. 
This software has been transferred to the Visible 
Patient Company that has optimized it, renamed 
it Visible Patient Planning TM , and obtained its 
certifi cation as a medical device (CE Mark, 510 k 
FDA, Canadian Health). Visible Patient Planning 
is today freely available and can be downloaded 
on Mac OS and Windows (  https://www.visi-
blepatient.com/en/products/software    ). For sur-

geons, the fi rst advantage is its direct volume 
rendering which is automatically computed by 
the software from the CT or MRI slices of the 
DICOM image (Fig.  31.1 ).

   This technique, available on all current imag-
ing systems (MRI or CT scan), can be suffi cient 
for a good 3D visualization of anatomical and 
pathological structures and can thus be a use-
ful tool for preoperative planning [ 3 ,  4 ]. It con-
sists in replacing the standard slice view by the 
visualization of all slices simultaneously and in 
3D. In order to see internal structures, the ini-
tial voxel gray level is replaced by an associated 
voxel color and transparency. This transparency 
allows to view the organ borders as they are not 
delineated in reality. With VR-Render, the user 
simply selects automatically computed 3D ren-
derings from a very explicit list. That volume 
can also be cut along the three main axes (axial, 
frontal, or sagittal) or with an oblique mouse-
controlled plane. In clinical routine, direct 
volume rendering can be of great preoperative 
interest. This is the case for all malformation 
pathologies, in particular vascular or bone mal-
formation, but also for thoracic and digestive 
pathologies. 

 Direct volume rendering is a very useful tool 
as it is accessible without any preprocessing; 
however, it does have some limitations. It can 
provide neither the volume of organs nor the 
dimensions since these organs are not delin-
eated. For the same reason, it is not possible to 
provide a volume after resection or to cut a sec-
tion of these structures without cutting neigh-
boring structures. To overcome this limit, each 
anatomical and pathological structure in the 
medical image has to be delineated. To do it, 
several software are available on the market 
essentially for liver (Myrian© from Intrasense, 
Ziostation© from Ziosoft, Iqqa® Liver from 
Edda Technology, ScoutTM Liver from 
Pathfi nder) and more rarely for all digestive 
areas (Synapse© Vincent from Fujinon). 
Another solution consists in using 3D modelling 
distant services (MeVis Distant Service, Visible 
Patient Service from Visible Patient) that do not 
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b

  Fig. 31.1    Direct volume rendering of three different clinical cases from their DICOM image, here CT scan of the neck 
( a ), thorax ( b ), and abdomen ( c )       

request the purchase and use of expensive mod-
elling workstations, the modelling being real-
ized at distance by experts in image processing. 
If MeVis Distant Service is limited to the liver, 
Visible Patient Service is today the only service 
available for any part of the body, from baby to 
adult. Results of the 3D modelling process can 
be visualized from Visible Patient Planning soft-
ware through surface rendering or fusion 

between surface and volume rendering 
(Fig.  31.2 ).

   Beside the 3D visualization of delineated and 
modelled structures, Visible Patient Planning 
also allows to interactively change transparency 
of any structure, to interact on them, to navigate 
anywhere, and therefore to simulate any kind of 
endoscopy such as laparoscopy, fi broscopy, gas-
troscopy, or colonoscopy (Fig.  31.3 ).
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   In liver surgery, a simple 3D visualization is 
frequently not suffi cient to effi ciently plan sur-
gery. Virtual resection and volume computation 
after resection are then usually mandatory and 
requested by surgeons. Visible Patient Planning 
software gives such possibility through virtual 
clip applying that provides in real time the vascu-
lar territory of the clipped portal subtree defi ning 
the anatomical segment. It allows for multi- 
segmentectomy and automatically computes the 
future liver remain rate (see Fig.  31.4 ). Such 
computation allows for the improvement of pre-
operative surgical planning [ 5 – 7 ] and sometimes 

also of surgical eligibility in liver surgery, thanks 
to better patient-specifi c anatomical knowledge 
and better postoperative volume defi nition.

31.3        Interactive Augmented 
Reality 

 Preoperative surgical planning and simulation 
can signifi cantly improve the effi ciency of a sur-
gical procedure, thanks to better preoperative 
knowledge of the patient’s anatomy. However, 
the preoperative use of such systems is not suffi -

  Fig. 31.2    Visible patient 3D modelling of patients of Fig.  31.1  with a fusion of direct volume rendering and surface 
rendering provided by Visible Patient Planning software       
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  Fig. 31.4    Virtual left hepatectomy extended to segment 8 
( left ) and virtual right hepatectomy of a patient having 
several thermal ablations and a right embolization ( right ) 

using the clip applying function of Visible Patient 
Planning software       

a

c

b

  Fig. 31.3    Visible Patient Planning used for a virtual 
fi broscopy with transparency on bronchus tree allowing to 
see a tumor in  green  ( a ), a virtual gastroscopy with a  red  

GIST detection ( b ), and a virtual coloscopy ( c ) from 
patient-specifi c 3D modelling       
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cient to ensure safety during the surgical proce-
dure. Such an improvement can be provided by 
an intraoperative use of virtual reality through the 
augmented reality concept. Augmented reality 
consists in superimposing the preoperative 3D 
patient modelling onto the live intraoperative 
video view of the patient. Augmented reality can 
thus provide a transparency view of patients. 
Several kinds of augmented reality have been 
developed: interactive (IAR), semiautomatic 
(SemIAR), and fully automated (AAR). 

 Interactive augmented reality (IAR) is based 
on an interactive registration performed by an 
operator through an image overlay of the patient’s 
model superimposed onto the patient’s view, 
which can be direct (no camera) or indirect (with 
a camera). The patient’s view can be external, to 
visualize his/her skin, or internal (e.g., in laparo-
scopic surgery) to display an organ. The registra-
tion is then guided by anatomical landmarks 
visible on the patient’s view and on the patient’s 
model through the image overlay. Four main 
image overlay techniques are available: direct 
projection of the patient model onto patient skin 
through a video projector [ 8 ,  9 ], direct visualiza-
tion through a transparent screen placed between 
surgeons and the patient [ 10 ], indirect visualiza-
tion using a camera to provide a patient view visu-
alized on a screen that can overlay the virtual 
patient model [ 11 ], and specifi c display such as 
the robotic 3D view display of the da Vinci robot 
[ 12 ]. The indirect visualization using a camera is 
today the best available solution that provides the 
camera’s point of view regardless of surgeon posi-
tion or movement, which avoids the usual error 
linked to the detection of several points of view. 

 We have developed a two-step interactive aug-
mented reality method [ 11 ,  12 ]. The fi rst step 
consists in registering an external view of the real 
patient with a similar external view of the virtual 
patient. The second step consists in real-time 
positioning and correction of the virtual camera 
so that it is orientated similarly to the laparo-
scopic camera. Real video views are provided by 
two cameras inside the OR: the external real view 
of the patient is provided by the camera of the 
shadowless lamp or by an external camera, and 

the laparoscopic camera provides the internal 
image (see Fig.  31.5 ).

   Both images are sent via a fi ber-optic network 
and are visualized on two different screens by the 
independent operator in the video room. A third 
screen displays the view of the 3D patient render-
ing software working on a laptop equipped with a 
good 3D graphic card and controlled by the oper-
ator. The augmented reality view is then obtained 
by using a video mixer Panasonic MX 70, offer-
ing a merged view of both interactively selected 
screens. This system also gives the possibility to 
reduce the augmented reality effect to a limited 
part of the image as illustrated in Fig.  31.6 . 
Visible Patient Planning software allows to real-
ize any virtual views of the patient, from internal 
or external point of view as illustrated in Chap.   2    . 
It is then used to provide the similar point of view 
of the real camera in the virtual world.

   The technique used several anatomical land-
marks chosen on the skin (such as the ribs, 
xiphoid process, iliac crests, and the umbilicus) 
and inside the abdomen (inferior vena cava and 
two laparoscopic tools). The resulting registra-
tion accuracy can immediately be checked by 
properly superimposing the virtual organs onto 
the real visible ones. This method would take a 
while to implement, and adjustment of the vari-
ous external landmarks was sometimes imper-
fect. However, this method, evaluated during 
more than 50 procedures, always provided good 
results. 

 In the OR, the surgeon can see the laparoscopic 
view on a standard laparoscopic video screen, 
and, on a second screen, both resulting augmented 
reality images (internal or external view on 
Fig.  31.6 ) show the view selected by the indepen-
dent operator from a remote site. If he/she uses 
the da Vinci robot, he/she can see both real and 
augmented reality laparoscopic views in picture 
of the Master part 3D screen of the robot. Due to 
camera movement, the augmented reality view 
has to be adjusted continuously by using the visi-
ble contours of anatomical structures as effi cient 
landmarks. 

 We have tested with success this IAR on more 
than 50 surgical oncological procedures for liver, 
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adrenal gland, pancreas, and parathyroid tumor 
resection. The majority of our tests have been 
performed in the classical laparoscopic approach 
[ 6 ,  7 ,  11 ,  13 ], but more recently we have applied 
the same techniques in robotic surgery with the 
same success [ 12 ,  14 ]. Superimposition has been 
possible for each operation. Vascular control also 
showed the effi ciency of the system despite the 
interaction required to make it work. 

 Although registration for the external view is 
effi cient, it remains user dependent and is there-
fore not reproducible. Moreover, any movement 
of the external camera and/or of the patient after 
the fi rst registration requires a new registration, 
which is time consuming and harder to imple-

ment during the surgical intervention. One of the 
main limits is caused by the system’s inability to 
easily track the patient’s natural movements 
(breathing, heartbeats). Moreover, since the sys-
tem uses 3D rigid models, organs that are being 
deformed during the intervention cannot be 
deformed virtually.  

31.4     Automated Augmented 
Reality 

 Automated augmented reality replaces user inter-
action by computer computation, the system 
being then no longer user dependent. Main user 

  Fig. 31.6    External ( top ) and internal ( bottom ) interactive augmented reality views       

 

L. Soler et al.



429

interaction in IAR laparoscopic surgery is 
achieved by registering a preoperative high- 
defi nition 3D model (e.g., segmentation from CT 
images or MRI) with the video display from the 
endoscopic camera. This proves to be a chal-
lenge, as the data to be registered may be very 
different due to several factors. First, the data 
often originates from different imaging modali-
ties and dimensions (3D CT grayscale image vs. 
2D RGB full HD endoscopic sequence). Second, 
patient anatomy may signifi cantly differ between 
the preoperative and intraoperative acquisitions. 
The organs often shift due to a different position 
for the patient and the intra-abdominal gas insuf-
fl ation which applies pressure on the viscera. 
Moreover, surgeon actions obviously affect the 
surgical scene as he mobilizes organs or resects 
tissues. 

 For the sake of accuracy, a laparoscopic AR 
system would have to take this deformation into 
account. Many different approaches have been 
proposed to solve this issue, but most require 
either some manual intervention from the sur-
geon or external tracking systems. Tracking will 
allow to compute tool positioning during surgery 
and must be a real-time system. A large number 
of systems exist allowing for automatic tracking 
of surgical tools. Such systems are usually based 
on optical tracking using two infrared cameras. 
Other common but more limited tracking meth-
ods are based on an electromagnetic system. 
Several commercial solutions exist, and such 
automation is today about to be solved for rigid 
tools. Normal infrared optic cameras and electro-
magnetic tracking systems provide only the posi-
tion and shape of instruments or landmarks stuck 
on the patient that can be virtually visualized. 
These tracking systems remain expensive and are 
not user-friendly. 

 Registration will allow to compute the patient 
position in the same environment as 3D models. 
A perfect registration should take patient move-
ments into account. There are three kinds of 
movements that have to be tracked and compen-
sated for: if the patient moves altogether (e.g., 
sliding ), local organ movement due to surgeon 
interaction, and deformation caused by physio-
logical movements (breathing and heartbeat). 
Usually, registration of existing methods is done 

at the beginning of surgery without taking move-
ment into account. If a single body-wide move-
ment can be solved through a new intraoperative 
registration, other movements require complex 
algorithms based on nonrigid registration. 

 To solve such a problem, several approaches 
have been proposed [ 1 ]. The main one consists 
in segmenting real-time intraoperative medi-
cal images (US, MRI, or CT) providing the 
real shape of organs during the surgical proce-
dure. In surgical practice, most of the work is 
based on intraoperative ultrasonography and 
MRI. However, one approach seems promising 
due to the popularization of intraoperative scan-
ners (e.g., CBCT) in so-called “hybrid” operating 
rooms (OR). An acquisition from such a system 
can serve as an intermediary in the registration 
process between the preoperative scan and the 
endoscopic images and can help compensate for 
the deformation between the preoperative and 
intraoperative states. 

 We propose a new paradigm to automatically 
register the referential frame of the intraoperative 
model with that of the endoscopic camera, with-
out any external tracking system [ 15 ]. By includ-
ing the distal part of the endoscope within the 
intraoperative acquisition fi eld and holding it 
with an articulated arm, we are able to estimate 
the direction of the optical axis and the position 
of the optical center in the reconstructed volume. 
This approach allows us to determine directly the 
correspondence between the endoscopic camera 
and the intraoperative scanner (in our case, an 
Artis Zeego by Siemens) and thus to register their 
data fully automatically (see Fig.  31.7 ).

   Intraoperative medical images being registered 
with the intraoperative video view, it remains man-
datory to nonrigidly register the preoperative 3D 
modelling of the patient, in order to take deforma-
tion into account. Our previous work [ 16 ] pro-
posed an approach that computes a nonrigid 
registration of a preoperative patient model 
(including abdominal wall, visceral set, and liver) 
using information analysis of an intraoperative 
image of the patient. The adaptation of this method 
based on CT scan imaging to Dyna-CT imaging 
allowed us to obtain a fully automatic nonrigid 
registration of preoperative modelling onto the 
video view of the patient [ 17 ]. 
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 After this automatic initial nonrigid registra-
tion, the remaining problem consists in correct-
ing in real time this nonrigid registration in order 
to take organ deformation due to breathing move-
ment and surgeon interaction into account. To 
solve such a problem, our solution consists in a 
predictive real-time simulation of organ deforma-
tion by tracking tool movement and organ defor-
mation in video images. As we showed for the 
physiological breathing movements [ 18 ], such an 
approach is feasible by preoperatively modelling 
the patient, along with his/her physiological 
movements, and by simulating these movements 
intraoperatively. The simulation is controlled by 
real patient information (skin surface) tracked 
and extracted in real time, thanks to an analysis 
of video images. Our results showed that this 

solution provides good results (2 mm of accuracy 
for real-time registration of deformable organs). 

 A similar idea can be applied to laparoscopic 
surgery, an analysis of stereo-laparoscopic video 
images replacing the external video image analy-
sis. During abdominal surgery, tissue and organs 
are continuously deforming and the surgeon is 
free to move the laparoscopic camera. The objec-
tive of the temporal registration is then to modify 
the model shape and location of an organ in the 
same way as the real organ by tracking its defor-
mation and movement in real time. Several meth-
ods have been developed based on real-time 
virtual organ surface reconstruction of the organ 
[ 19 ,  20 ], mechanical modelling of the organ [ 21 , 
 22 ], and feature tracking. The resulting precision 
is currently limited around 5 mm, but it will be 

  Fig. 31.7    The Dyna-CT images provided by the Artis Zeego ( top ) allow to detect the laparoscope position in the image 
and then to register video and medical image ( bottom )       
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improved progressively through the addition of 
patient-specifi c elasticity and viscosity model-
ling of organs, thanks to elastography [ 23 ] 
(Fig.  31.8 ).

       Conclusions 

 We have presented research on computer- 
assisted minimally invasive surgery based 
on virtual and augmented reality. They allow 
to superimpose the virtual image of internal 
organs and pathologies onto the abdominal 
view of the patient. These systems, at an exper-
imental stage, are progressively being tested 
clinically for minimally invasive surgery, with 
the objective of using them in clinical rou-
tine. First results show that the systems work 
very effi ciently and that future solutions will 
combine predictive simulation and real-time 
medical image analysis in order to solve cur-
rent limitations. To be effi cient, patient-specifi c 
modelling will have to integrate more informa-
tion than the geometric model only. Mechanical 
properties, functional anatomy, and biological 
modelling will gradually improve the quality 
of simulation and prediction which, combined 
with intraoperative image analysis, will provide 
the awaited accuracy. 

 This research also represents the fi rst 
essential phase for surgical gesture automa-
tion, which will allow to reduce surgical 
mistakes. Indeed, procedure simulation will 
allow to identify the unnecessary or imperfect 
surgical moves, using it as a programming of 
the fi nal gesture. These moves will then be 
transmitted to a surgical robot which, thanks 
to augmented reality and visual servoing, will 
be able to precisely reproduce the surgeon’s 
optimized moves. Tomorrow’s surgery is on 
its way.     
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 barium esophagogram , 140, 141  
 ectopic cartilaginous tissue , 140  
 EUS , 141  
 therapy , 141–142  

 symptoms , 140  
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   Congenital hyperinsulinism (CHI) 
 clinical presentation , 344–345  
 diagnosis , 345  
 epidemiology , 341  
 histopathology , 344  
 medical therapy , 346–347  
 pathogenesis and molecular mechanism 

 GCK gene , 343  
 GLUD1 gene , 343  
 HADH , 343  
 hepatocyte nuclear factors (HNF4A and 

HNF1A) , 343  
  K ATP - -channel genes (ABCC8 and KCNJ11) , 

342–343  
 SLC16A1 , 344  
 UCP2 gene , 344  

 surgical management 
 complications and outcomes , 349  
 focal CHI , 349  
 laparoscopic procedure , 348–349  
 open procedure , 347–348  

 treatment , 345–346  
   Congenital hypertrophy of the retinal pigment epithelium 

(CHRPE) , 415  
   Consanguinity , 329, 341  
   Corkscrew sign , 249  
   Corticosteroids 

 caustic injuries , 234  
 CD , 323  
 UC , 315  

   Cowden syndrome (CS) , 406  
   Crampy abdominal pain , 248  
   Crohn’s disease (CD) 

 biological agents , 323  
 clinical presentation , 321  
 conventional therapy , 322, 323  
 DAE , 53, 54  
 diagnosis 

 endoscopy , 322  
 fecal markers , 321  
 imaging , 321–322  
 serologic test , 321  

 EEN , 323  
 epidemiology , 319  
 etiopathogenesis , 319–321  
 immunomodulators , 323  
 incidence , 318  
 surgical management , 323–324  

   CS   . See  Choledochal cyst (CS) 

    D 
  DAE   . See  Device assisted enteroscopy (DAE) 
   Damage control technique , 361  
   Dawson’s criteria , 412  
   Device assisted enteroscopy (DAE) 

 BAE , 55–56  
 complications , 56  
 DBE , 53, 55  

 indications and contraindications , 52–53  
 SBE , 53, 55  
 small intestinal mucosa , 52  

   Diagnostic and therapeutic endoscopy 
 CE     ( see  Capsule endoscopy (CE)) 
 colonoscopy , 44–46  
 dilation techniques 

 achalasia balloon dilators , 72  
 balloon dilators , 72  
 bougie dilators , 71  
 complications , 74–75  
 nonwire-guided bougie dilators , 71–72  
 patients preparation and techniques , 72–74  
 stricture dilation , 71  
 wire-guided bougie dilators , 72  

 EGDS     ( see  Esophagogastroduodenoscopy (EGDS)) 
 enteroscopy , 52–56  
 ERCP , 56–61  
 hemostasis techniques 

 Dieulafoy lesions , 65  
 diffused mucosal bleeding , 65  
 gastroduodenal vascular malformations , 65  
 nonvariceal gastrointestinal bleeding , 65–69  
 variceal bleeding , 69–71  

 intra-procedural sedation and monitoring , 37–38  
 PEG     ( see  Percutaneous endoscopic gastrostomy 

(PEG)) 
 polypectomy 

 complications , 64–65  
 retrieval of multiple polyps , 64  
 technique , 62–64  

 post-procedure monitoring and discharge , 38  
 pre-procedure preparation , 37  

   Diazoxide therapy , 342, 343, 346  
   Distal splenorenal shunt , 384, 385  
   Dobutamine , 103  
   Dopamine , 103  
   Double-balloon enteroscopy (DBE) , 53, 55  
   Double-track sign , 214  
   Down syndrome , 225, 227, 329  

    E 
  Edward’s scheme , 128, 129  
   EGDS   . See  Esophagogastroduodenoscopy (EGDS) 
   EHPVO   . See  Extrahepatic portal vein obstruction 

(EHPVO) 
   EIHI   . See  Exercise-induced hyperinsulinism (EIHI) 
   EMP   . See  Extramucosal pyloromyotomy (EMP) 
   EN   . See  Enteral nutrition (EN) 
   Endocarditis prophylaxis , 37  
   Endoscopic retrograde cholangiopancreatography 

(ERCP) 
 complications , 61  
 hepatobiliary pediatric surgery , 353, 354, 367  
 indications , 56–60  
 patient preparation and sedation , 60–61  
 pediatric duodenoscope , 61  
 technique , 61  
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   Endoscopic variceal ligation (EVL) , 69–71  
   End-to-end anastomosis (EEA) , 306–308  
   Enteral nutrition (EN) , 107, 113, 114  
   Enteric cyst , 257  
   Enteric duplications , 255  
   Enteroscopy   . See  Device assisted enteroscopy (DAE) 
   Epinephrine , 104  
   ERCP   . See  Endoscopic retrograde 

cholangiopancreatography (ERCP) 
   Erythrocyte sedimentation rate (ESR) , 313  
   Esophageal achalasia (EA) 

 chronic irritation , 153  
 diagnosis and pretreatment work-up 

 endoscopy , 148  
 esophageal manometry , 147  
 HRM , 148  
 intraluminal impedancemetry , 147–148  
 symptoms , 146  
 UGI , 147  

 etiology , 145  
 pathogenesis , 146  
 treatments of 

 anti-refl ux procedures , 151–153  
 botulinum toxin , 149  
 dilatations , 149–150  
 Heller myotomy , 151–152  
 medications , 149  
 POEM , 150  

   Esophageal atresia (EA) 
 anatomy , 169–171  
 associated anomalies , 171  
 clinical presentation and diagnosis , 171–172  
 esophagus , 174–175  
 H-type tracheoesophageal fi stula , 176  
 one-stage esophageal-substitution procedure , 176  
 outcome , 178–179  
 postoperative complications , 176–178  
 repair of , 175  
 respiratory insuffi ciency , 174  
 risk factor , 169, 170  
 treatment , 172–174  

   Esophageal duplications , 260  
   Esophageal injury , 232, 233, 238  
   Esophageal manometry , 147  
   Esophageal replacements, children 

 complications , 206  
 indications for , 193–194  
 initial treatment and preoperative preparation , 

195–196  
 long-term follow-up , 206–207  
 pathogenesis , 194–195  
 pharyngeal-associated burns , 205  
 postoperative period , 205–206  
 remove the native esophagus , 197–198  
 substitute placement routes , 196  
 transplant   ( see  Colonic transplants) 

   Esophagogastroduodenoscopy (EGDS) 
 complications , 42–44  
 contraindications , 39  

 indications for , 38–39  
 neonatal and pediatric gastroscopes , 40  
 pediatric endoscopes, equipment compatible with , 40  
 technique 

 blind insertion method , 40–41  
 under direct vision , 40–41  
 endoscopic maneuvers , 41–42  
 retrovision maneuver , 42–43  

   EVL   . See  Endoscopic variceal ligation (EVL) 
   Exclusive enteral nutrition (EEN) , 323  
   Exercise-induced hyperinsulinism (EIHI) , 344  
   Extrahepatic portal vein obstruction (EHPVO) , 70  

 portal vein congenital stenosis/atresia , 374–375  
 portal vein thrombosis , 373–374  

   Extramucosal pyloromyotomy (EMP) , 211, 
214–217  

   Extrathoracic LTEC , 163  
   Extremely low-birth-weight (ELBW) infants , 111  

    F 
  Familial adenomatous polyposis (FAP) , 407  
   FBs   . See  Foreign bodies (FBs) 
   Fetal gastrointestinal tract , 1–2  
   Fetal intestinal anomalies , 8  
   α-fetoprotein (α-FP) , 361–362  
   18-Fluorine- L -dihydroxyphenylalanine positron emission 

tomography ( 18 F-DOPA-PET) , 345  
   Foreign bodies (FBs) 

 button batteries , 238–239  
 IHPS , 220  
 ingestion of , 237  
 management of , 237–238  
 pediatric magnet ingestions , 239–240  
 sharp/long objects , 240  

   Fragile X syndrome , 329  
   Functional endoscopic evaluation of swallowing 

(FEES) , 159  

    G 
  Gardner syndrome , 408  
   Gastric duplication cysts , 22  
   Gastric outlet obstruction (GOO) , 211, 219–220  
   Gastroenteropancreatic neuroendocrine tumors (GEP-

NETs) , 416–417  
   Gastro-esophageal junction (GEJ) , 14  
   Gastroesophageal refl ux (GER) 

 initial treatments and preoperative preparation , 
184–185  

 pathophysiology , 184  
 surgical indications , 184  
 surgical procedures 

 LARS     ( see  Laparoscopic antirefl ux surgery 
(LARS)) 

 positioning and setup , 185  
   Gastroesophageal refl ux disease (GERD) , 21, 39, 

150–153, 161  
   Gastrointestinal stromal tumors (GISTs) , 417–418  
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   Gastro-intestinal tract 
 computed tomography (CT) 

 ALARA principle , 29  
 clinical practice , 30  
 entero-CT , 31, 33  
 indication for , 31  
 portal cavernoma , 31, 32  
 thoracic region , 31, 33  

 contrast studies 
 congenital and acquired , 13  
 lower gastrointestinal tract   ( see  Lower 

gastrointestinal tract) 
 UGI , 14–15  

 MRI , 27–29  
 plain abdominal radiograph , 11–13  
 ultrasound 

 advantages , 20  
 bowel gas interposition , 21  
 clinical evaluation , 20  
 esophageal atresia and anorectal malformations , 20  
 fi lling techniques , 21  
 hypertrophic pyloric stenosis , 20  
 intestinal intussusception , 20  
 small and large bowel , 22–27  
 upper gastrointestinal tract , 21–22  

   Gastrointestinal (GI) tumors, children and adolescents 
 clinical features , 411  
 CRC , 415  
 diagnosis , 411  
 epidemiology , 411  
 GEP-NETs , 416–417  
 GISTs , 417  
 lymphoma , 412  
 management , 411–412  
 polyps and polypoid diseases 

 adenomas , 414–415  
 hamartomas , 413–414  

   GER   . See  Gastroesophageal refl ux (GER) 
   GERD   . See  Gastroesophageal refl ux disease (GERD) 
   Glucagon-like peptide 1 (GLP1) , 346–347  
   Glucokinase (GCK) , 343  
   Glucose transporter type 2 (GLUT2) , 342  
   Glutamate dehydrogenase (GDH) , 343  
   GOO   . See  Gastric outlet obstruction (GOO) 

    H 
  HADH   . See  Hydroxyacyl-coenzyme A dehydrogenase 

(HADH) 
   HAEC   . See  Hirschsprung-associated enterocolitis 

(HAEC) 
   Hamartomas , 413–414  
   Hamartomatous polyposis 

 Cowden syndrome (CS) , 406  
 juvenile polyposis , 405–406  
 PJS , 406–407  

   HD   . See  Hirschsprung’s disease (HD) 
   Heller myotomy , 151–152  
   Hematemesis , 232  

   Hepatic trauma 
 assessment , 360  
 posttrauma care , 361  
 treatment , 360–361  

   Hepatic ultrasonography , 358  
   Hepatobiliary pediatric surgery 

 biliary stones 
 acute cholecystitis , 352–353  
 Calot triangle , 353  
 CBD , 353  
 clinical signs and complications , 352  
 elective cholecystectomy , 352  
 ERCP , 353  
 etiologies , 351–352  
 Fogarty/Dormia catheter , 353  
 “French position,” 353 
 preoperative workout , 352  
 three-port technique , 353  

 congenital malformations 
 biliary atresia    (see  Biliary atresia) 
 choledochal cyst   ( see  Choledochal cyst (CS)) 
 hepatic trauma   ( see  Hepatic trauma) 
 hepatoblastoma   ( see  Hepatoblastoma) 

 pancreatic pathology 
 pancreatic traumatism , 366–367  
 SPPT    ( see  Solid pseudopapillary tumor 

(SPPT)) 
   Hepatoblastoma 

 chemotherapy , 362  
 clinical presentation , 361–362  
 epidemiology , 361  
 liver transplantation , 364  
 relapses , 364  
 surgery , 362–364  

   Hepatocellular carcinoma (HCC) , 361  
   Hepatocellular diseases , 373, 374  
   Hepatocyte nuclear factor 4α , 343  
   Heterotaxy syndrome , 253  
   Hiatal hernia   . See  Gastroesophageal refl ux (GER) 
   High-frequency oscillatory ventilation (HFOV) , 101  
   High-resolution manometry (HRM) , 148, 153  
   Hirschsprung-associated enterocolitis (HAEC) , 299–301, 

304, 305  
   Hirschsprung’s disease (HD) 

 alimentary tract duplications , 260  
 associated anomalies , 298–299  
 classifi cation , 297  
 clinical presentation , 299  
 complications , 304  
 defi nition , 297  
 diagnosis , 299–300  
 embryogenesis , 297  
 etiology , 297–298  
 gastro-intestinal tract radiology , 17–19  
 incidence , 298  
 management 

 abdominal step , 302  
 aganglionic colon , 303  
 ano-colic anastomosis , 303, 304  
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 conservative bowel management , 301  
 Duhamel technique , 301  
 laparoscopic mesocolon dissection , 302  
 laparoscopic surgery , 302  
 mucosectomy , 303  
 perineal step , 302, 303  
 rectal peritoneal refl ection , 302  
 rectal stimulations/irrigations , 300  
 Soave technique , 301–302  
 submucosal dissection plane , 303  
 Swenson rectosigmoidectomy , 301  

 physiopathology , 298  
 postoperative care , 303–304  
 redo PT , 304  

 data , 304–305  
 indications , 305–306  
 long-term postoperative complications , 304  
 operative approach , 306  
 outcomes , 305–307  
 pathology , 305–306  
 principles , 307–309  

   H-mesocaval shunt , 381, 383  
   Home parenteral nutrition (HPN) , 115–117, 121, 393–394  
   “Hub and Spoke” model , 391, 392  
   Human chorionic gonadotropin (HCG) , 362  
   Hydroxyacyl-coenzyme A dehydrogenase (HADH) , 343  
   Hypertrophic pyloric stenosis (HPS) , 21–22  

    I 
  IAP   . See  Intra-abdominal pressure (IAP) 
   IBD   . See  Infl ammatory bowel disease (IBD) 
   Idiopathic intussusception 

 age and sex , 291  
 clinic , 292  
 etiopathogenesis , 291–292  

   IFALD   . See  Intestinal failure-associated liver disease 
(IFALD) 

   IHPS   . See  Infantile hypertrophic pyloric stenosis (IHPS) 
   Ileal pouch-anal anastomosis (IPAA) , 318–320  
   Iliopsoas sign , 282  
   Imperforate anus   . See  Anorectal malformations (ARMs) 
   Imperforate anus without fi stula , 330, 331, 336, 339  
   Infantile hypertrophic pyloric stenosis (IHPS) 

 clinical presentation , 213–214  
 diagnosis , 213–214  
 duodenal polyps , 219, 220  
 ectopic pancreas , 219, 220  
 EMP , 211, 214, 217  
 epidemiology , 211–212  
 etiology 

 environmental factors , 212–213  
 genetic factors , 212  
 mechanical factors , 212–213  

 gastric polyps , 219, 220  
 GOO non-IHPS , 219–220  
 hyperplastic polyps , 219, 220  
 nonsurgical conservative treatment , 218–219  
 physiopathology , 213  

 preoperative management , 214  
 surgical treatment 

 complications , 218, 219  
 hypertrophic pylorus , 214, 215  
 incidence and technical complications , 217  
 laparoscopic pyloromyotomy , 215–217  
 meta-analysis , 217  
 multicenter international double-blind controlled 

trial , 217, 218  
 open surgery , 214–215  
 postoperative period , 218  

   Infl ammatory bowel disease (IBD) 
 capsule endoscopy , 47  
 CD 

 biological agents , 323  
 clinical presentation , 321  
 conventional therapy , 322, 323  
 DAE , 53, 54  
 diagnosis , 321–322  
 EEN , 323  
 epidemiology , 319  
 etiopathogenesis , 319–321  
 immunomodulators , 323  
 incidence , 318  
 surgical management , 323–324  

 MRI , 27  
 UC   ( see  Ulcerative colitis (UC)) 
 ultrasound , 20, 25, 26  

   Infl iximab , 317, 323  
   Intensive care   . See  Pediatric intensive care unit (PICU) 
   Interactive augmented reality (IAR) , 424, 426–428  
   Interstitial Cells of Cajal (ICC) , 146  
   intestinal duplication cysts , 7–8  
   Intestinal failure (IF)   . See  Short bowel syndrome (SBS) 
   Intestinal failure-associated liver disease (IFALD) 

 choosing lipid emulsions , 115, 117  
 optimizing non-lipid intake , 117–118  

   Intestinal rotation and fi xation, disorders of 
 associated malformations , 248  
 atypical malrotation/malrotation variant , 247, 249  
 clinical manifestations , 248  
 complete non-rotation , 246  
 epidemiology , 248  
 incomplete rotation , 246  
 malrotation , 246–247  
 management 

 asymptomatic malrotation , 253  
 heterotaxy syndrome, malrotation in , 253  
 Ladd’s procedure , 249, 251–253  
 laparoscopic approach , 253  
 postoperative complications , 253  

 normal intestinal rotation , 245–246  
 radiologic diagnosis , 248–251  
 reverse rotation , 247, 248  

   Intra-abdominal fi stulas , 324  
   Intra-abdominal pressure (IAP) , 90–92, 108–110  
   Intracranial pressure (ICP), ACS , 110  
   Intraluminal impedancemetry (IIM) , 147–148  
   Intrathoracic LTEC , 163–164  
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   Intussusception 
 classifi cation , 291  
 clinic , 292  
 defi nition , 291  
 diagnosis , 292–293  
 etiopathogenesis , 291–292  
 idiopathic , 291  
 incidence , 291  
 symptomatic , 291  
 treatment , 293–295  

   IPAA   . See  Ileal pouch-anal anastomosis (IPAA) 

    J 
  Juvenile polyposis (JP) , 405–406  
   Juvenile polyposis syndrome (JPS) , 413  

    K 
  Kasai operation , 357–360  
   Kasai portocholecystostomy (KPC) , 355  
   Kasai portoenterostomy (KPE) , 355  
   Kaufman-McKusick syndrome , 329  
   Kids’ Inpatient Database (KID) , 169  

    L 
  LAARP   . See  Laparoscopic-assisted posterior sagittal 

anorectoplasty (LAARP) 
   Lanreotide , 346  
   Laparoscopic antirefl ux surgery (LARS) 

 Boix-Ochoa procedure , 188  
 complications of , 189  
 Jaubert de Beaujeu procedure’s , 188  
 Laparoscopic Nissen Rossetti , 186, 187  
 Nissen , 186  
 redo surgery , 189–190  
 Thal , 187  
 Toupet , 186–188  
 training for , 188  

   Laparoscopic-assisted posterior sagittal anorectoplasty 
(LAARP) 

 electrostimulation , 338  
 identifi cation of fi stula , 337  
 neoanum calibration , 338  
 Peña electrostimulation , 337  
 rectal pull-through , 338  
 recto-bladder neck fi stulas , 336  
 resection of fi stula , 337  
 supine position , 337  

   Laparoscopy, digestive surgery 
 cardiocirculatory system effects , 91–92  
 intra-abdominal pressure management , 92  
 physiological changes , 90  
 respiratory system effects , 90–91  

   LARS   . See  Laparoscopic antirefl ux surgery (LARS) 
   Laryngotracheal clefts (LTC) 

 associated disorders , 164–166  
 classifi cation of , 157, 158  
 diagnostic aspects 

 clinical presentation , 158, 159  
 endoscopic diagnosis , 160  

 FEES , 159  
 grading classifi cations , 157–159  
 radiologic studies , 159  

 incidence , 157  
 management 

 endoscopic repair , 161, 162  
 open surgical approaches , 161, 163–164  
 transcervical approach, cricotracheal 

separation , 164  
 Type 0 and I , 160  
 Type II clefts , 160  
 Type III and type IV , 161  

 prognosis , 165  
   Laryngotracheal injury , 233  
   Left aortic arch with aberrant right subclavian artery 

(LAA-ARSA) , 133–135  
   Left ventricular ejection fraction (LVEF) , 91  
   Left ventricular end-systolic meridional wall stress 

(LVESWS) , 91  
   Left ventricular fractional shortening (LVFS) , 91  
   LES   . See  Lower esophageal sphincter (LES) 
   LILT   . See  Longitudinal intestinal lengthening and 

tailoring (LILT) 
   Liquefactive necrosis , 231  
   Longitudinal intestinal lengthening and tailoring (LILT) 

 bowel division , 397–398  
 diagram , 397, 398  
 isoperistaltically anastomosed jejunum , 398  
 tubularized hemisegments , 398  
 vascularized hemisegments , 398  

   Lower esophageal sphincter (LES) 
 botulinum toxin , 149  
 dilatations , 149–150  
 esophageal manometry , 147  
 high-resolution manometry , 148  
 medications , 149  
 pathophysiology , 183–184  

   Lower gastrointestinal tract 
 contrast studies 

 colonic atresia , 16  
 functional immaturity, colon , 19  
 Hirschsprung disease , 17–19  
 ileal atresia , 16  
 loopograms , 15  
 lower intestinal obstruction , 16  
 meconium ileus , 16–17  
 meconium peritonitis , 17  
 meconium plug syndrome , 19  
 small left colon syndrome , 19  
 upper intestinal obstruction , 15–16  

   Lowe syndrome , 329  
   LTC   . See  Laryngotracheal clefts (LTC) 

    M 
  Magnetic resonance cholangiopancreatography (MRCP) , 

58  
   Malrotation, intestinal rotation and fi xation , 246–247  

 asymptomatic , 253  
 atypical , 247, 249, 253  
 classifi cation , 251  
 heterotaxy syndrome , 253  
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   Mammalian target of rapamycin (mTOR) inhibitors , 347  
   Maturity-onset diabetes of the young (MODY1) , 343  
   McBurney’s sign , 281  
   MD   . See  Meckel’s diverticulum (MD) 
   Meckel’s diverticulum (MD) , 269  

 anatomy , 270–271  
 clinical manifestations , 271–272  
 diagnosis , 272–274  
 embryology , 269–270  
 epidemiology , 271  
 histology , 270–271  
 imaging , 272–274  
 treatment , 274–275  

   Meconium peritonitis , 6  
   Meconium plug syndrome , 19, 23  
   Mesalazine , 315  
   Mesenteric lymphadenitis , 26–27  
   Mesentericoportal shunt , 384–386  
   Mesenteric or omental cysts , 6  
   Mesocaval shunt , 381, 383  
   Meso-Rex shunt , 370, 386  
   Methotrexate , 323  
   Midgut volvulus , 22–23  
   Mini-invasive appendectomy , 284  
   Mitomycin C , 236  
   Modifi ed barium swallow (MBS) , 159  
   Montreal disease classifi cation system , 314  
   Mucosal reepithelization , 231  
   Multipolar electrocautery (MPEC) , 67, 68  
   Muscle-sparing technique , 261  

    N 
  Near-total pancreatectomy , 345, 347, 348  
   Necrotizing enterocolitis (NEC) , 23–25, 111  
   Negative appendectomy rate (NAR) , 283  
   Neonatal bowel obstruction , 23  
   Nesidioblastosis   . See  Congenital hyperinsulinism (CHI) 
   Neurenteric cyst , 257  
   Neuroendocrine tumors (NETs) , 416–417  
   Nitroglycerin , 104  
   Noninvasive ventilatory (NIV) assistance , 100, 101  
   Nonvariceal gastrointestinal bleeding 

 injection technique , 65–67  
 mechanical techniques , 68–69  
 standard pediatric gastroduodenoscopes , 65  
 thermal techniques , 67–68  

   North American protocol , 362  

    O 
  Obscure/occult gastrointestinal bleeding (OGIB) , 47, 53  
   Obstetric management, intestinal anomalies , 8  
   Obturator sign , 282  
   Octreotide , 346  
   Oesophageal varices , 375, 379–381, 384  
   Open appendectomy , 287  
   Opioids , 106, 107  
   Oral nutritional supplements (ONSs) , 113, 114  
   Oral steroids , 315, 323  
   Oropharyngeal duplications , 260  
   Ovarian cysts , 6, 7  

    P 
  Pancreatectomy , 345, 347  
   Paracetamol , 289  
   Parenteral nutrition (PN) , 107, 108, 113, 114  
   Partial chronic midgut volvulus , 248  
   Pediatric appendicitis score (PAS) , 283  
   Pediatric Hospital Information System (PHIS) database , 271  
   Pediatric intensive care unit (PICU) 

 ACS   ( see  Abdominal compartment syndrome (ACS)) 
 analgosedation management 

 drugs for , 106  
 pain and sedation measurement , 105–106  
 tolerance and withdrawal syndrome , 106–107  

 cardiocirculatory treatment 
 heart rate , 104  
 increase of stroke volume , 103–104  
 rhythm normalization , 104  

 fl uid management , 104–105  
 hemodynamic monitoring , 100  
 NEC , 111  
 nutritional support , 107–109  
 respiratory monitoring , 99–100  
 respiratory treatment , 100–102  

   Pediatric short bowel state (PSBS) 
 acute surgery 

 controllable tube stomas , 396  
 double-tube stomas , 396  
 tube jejunostomy , 395  

 AGIR , 397  
 AGI-R , 394  
 antenatal midgut loss , 390  
 bowel tailoring , 397  
 brain learning , 394  
 central venous feeding catheter , 392–393  
 controlled bowel expansion , 396  
 enteral nutrition , 394  
 family and social life , 394  
 functional obstruction , 391, 395  
 gastroschisis , 389, 390  
 HPN , 393–394  
 “Hub and Spoke” model , 391, 392  
 human intestinal organoids , 402  
 intestinal failure , 389  
 jejunal housekeeping , 396  
 LILT, Longitudinal intestinal lengthening and 

tailoring (LILT) 
 long-term survival , 402–403  
 midgut volvulus complicating malrotation , 389, 390  
 NEC , 389, 390  
 patient-specifi c management plan , 391–392  
 postnatal midgut volvulus , 390  
 post-tailoring , 399–400  
 residual jejunum , 390  
 SILT , 399  
 stem cells development , 402  
 STEP , 398–399  
 TPN , 389, 391–394, 402  
 transplantation , 403  

   Pediatric trauma , 229  
   Pediatric UC activity index (PUCAI) , 312, 316  
   Pedunculated polyps , 62  
   PEG   . See  Percutaneous endoscopic gastrostomy (PEG) 
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   Percutaneous endoscopic gastrostomy (PEG) , 234–235  
 complications 

 daily care , 80  
 early complications , 78  
 late complications , 78–80  

 indications and contraindications , 75–76  
 technique , 76–78  

   Perianal disease , 324  
   Peristomal wound infection , 78  
   Peroral Endoscopic Myotomy (POEM) , 150  
   Peutz-Jeghers syndrome (PJS) , 406–407, 413  
   Pharmacologically-induced hypotonia , 28  
   PICU   . See  Pediatric intensive care unit (PICU) 
   PJS   . See  Peutz-Jeghers syndrome (PJS) 
   Platin family , 362  
   Pneumoperitoneum , 78, 91  
   Polypectomy , 53  
   Polyposis 

 adenomatous 
 FAP , 407  
 Gardner syndrome , 408  
 Turcot syndrome , 408  

 capsule endoscopy , 47  
 hamartomatous   ( see  Hamartomatous polyposis) 
 surgical treatment 

 3-cm J-pouch ileal reservoir , 408, 409  
 ileal pouch-anal anastomosis and proctectomy , 

408, 409  
 J-pouch ileoanal anastomosis , 408  
 laparoscopic proctocolectomy , 408  

   Portal hypertension 
 cavernomas anatomic variants , 376  
 clinical presentation , 376  
 collateral circulation , 375  
 defi nition , 373  
 diagnosis 

 CT angiography , 377, 380  
 Doppler interrogation , 376, 380  
 lab test , 376  

 EHPVO   (see Extrahepatic portal vein obstruction 
(EHPVO)) 

 intrahepatic , 373, 374  
 pathophysiology , 375  
 portosystemic shunts 

 in intrahepatic , 378  
 in prehepatic , 377  

 post-hepatic , 373  
 postoperative outcome , 385  
 treatment 

 banding, oesophageal varices , 381, 382  
 distal splenorenal shunt , 384, 385  
 emergency variceal bleeding , 379–381  
 endosclerosis , 381  
 mesocaval shunt , 381, 383  
 prevention , 379  
 proximal splenorenal shunt , 384  

   Posterior myotomy or myectomy (POMM) , 305  
   Posterior sagittal anorectoplasty (PSARP) , 330, 333–335  

 anal calibration , 336  
 anoplasty , 336  
 anterior suturing, muscular plane , 334  

 imperforate anus without fi stula , 336  
 midline incision , 334  
 posterior suturing, muscular plane , 335  
 prone position , 334  
 rectal pouch isolation , 334  
 rectourethral bulbar fi stula , 336, 339  
 rectourethral prostatic fi stula , 336  
 rectovestibular fi stula , 336  

   Postpolypectomy coagulation syndrome , 65  
   PPI   . See  Proton pump inhibitors (PPI) 
   Prehepatic portal hypertension   . See  Extrahepatic portal 

vein obstruction (EHPVO) 
   Prenatal diagnosis 

 abdominal cysts 
 choledochal cysts , 6  
 intestinal duplication cysts , 7–8  
 mesenteric or omental cysts , 6  
 ovarian cysts , 6, 7  

 anal complex , 2  
 anorectal malformation , 7, 8  
 duodenal atresia , 3, 5  
 esophageal atresia , 2–4  
 fetal gastrointestinal tract , 1–2  
 intestinal obstruction , 4–5  
 meconium peritonitis , 6  
 pyloric atresia , 4  

   Pretreatment biopsies , 362  
   Pretreatment extent (PRETEXT) , 362, 363  
   Proton pump inhibitors (PPI) , 72, 220, 232, 234  
   Proximal splenorenal shunt , 384  
   PSARP   . See  Posterior sagittal anorectoplasty (PSARP) 
   Pulmonary sling   . See also  Vascular rings 

 angiography , 131  
 bronchoscopy , 130  
 congenital vascular anomaly , 127  
 CTA , 131  
 CXR , 130  
 echocardiography , 131  
 genetic defects , 127  
 left pulmonary artery , 134, 135  
 MRI , 131  
 surgical repair , 135  
 tracheal surgery , 136  
 treatment , 136–137  

   Pyloric atresia , 4  
   Pyloric stenosis   . See  Infantile hypertrophic pyloric 

stenosis (IHPS) 

    R 
  RA   . See  Regional anesthesia (RA) 
   Radiofrequency ablation (RFA) , 364  
   Rectal polyps , 62  
   Rectal suction biopsy–RSB , 299, 300  
   Recto-anal inhibitory refl ex (RAIR) , 300  
   Rectoperineal fi stula , 330, 331, 335, 339  
   Rectourethral prostatic fi stula , 330, 331, 335, 336  
   Rectovesical fi stula , 330, 331, 335  
   Rectovestibular fi stula , 330, 331, 336, 339  
   Redo pull-through (PT) , 304  

 data , 304–305  
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 indications , 305–306  
 long-term postoperative complications , 304  
 operative approach , 306  
 outcomes , 305–307  
 pathology , 305–306  
 principles , 307–309  
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