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      Intestinal Stenosis and Atresia                     
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1.1          Esophageal Atresia 
and Tracheoesophageal 
Fistula 

 Esophageal atresia (EA), isolated or associated 
with tracheoesophageal fi stula (TEF), was fi rst 
described by Thomas Gibson in 1697, but it was 
only in 1941 that Cameron Haight performed the 
fi rst successful surgical repair of this anomaly 
(Mortell and Azizkhan  2009 ; Pinheiro et al.  2012 ). 

 The overall incidence is approximately 1:3–
5000 live-born infants (de Jong et al.  2010 ). In the 
majority of cases, it is sporadic, but the incidence 
is higher in twins, 2.56 higher than in singletons 
(Seo et al.  2010 ; Holland and Fitzgerald  2010 ). 

 These pathological entities represent a com-
plex of congenital anomalies characterized by an 
incomplete formation of the primitive esophagus 
or by an abnormal communication between the 
trachea and esophagus. 

 The pathologic mechanism behind this mal-
formation is still unknown, although it is thought 
to be a developmental disorder involving the divi-
sion of the primitive foregut into trachea and 
esophagus occurring since the fourth week of 
gestation (Cumming  1975 ). There are three main 
theories explaining this phenomenon: the fi rst 
theory states that the evagination of the tracheal 
diverticulum begins with the primitive digestive 
tube, which, growing in the caudal direction very 
quickly, results into a separation of trachea from 
esophagus, which is still part of the digestive 
tube. According to this mechanism, the tracheo-
esophageal malformation results from a tracheal 
growth failure. 

 The second theory postulates the formation of 
a septum in the coronal plane of the primitive 
digestive tube, which separates the trachea ven-
trally and the esophagus dorsally; a failure in this 
process might result into a tracheoesophageal 
malformation. The third theory combines the pre-
vious two, suggesting that the growth of the tra-
cheal diverticulum occurs together with the 
separation of the digestive tube, resulting in the 
fi nal separation of the trachea from the esopha-
gus. The loss of a portion of the previously 
formed tube due to a regression toward the main 
part of the embryo may result in the EA (Ioannides 
and Copp  2009 ). 

 Some reports described this entity occurring as 
a multifactorial complex, involving both genetic 
and environmental factors; 6–10 % of patients 
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have a defi ned genetic syndrome (Genevieve et al. 
 2007 ). There are also molecular and morphogenic 
factors related to EA, such as apoptosis, the Sox2, 
Shh, Gli-2, Gli-3, and FOX genes, and the tran-
scription factors Nkx2.1 and Tbx4. A failure in the 
expression of one of these genes or in their apop-
totic programs could be responsible for EA 
(El-Gohary et al.  2010 ; Shaw- Smith  2010 ). 
Furthermore, environmental factors increasing the 
risk to develop EA have been described; for exam-
ple, maternal alcohol and smoking, maternal expo-
sure to methimazole and diethylstilbestrol (DES), 
exogenous sex hormones, infectious disease, and 
maternal diabetes are severe factor risks. A role for 
vitamin A defi ciency has been suggested in the 
development of EA/TEF, since it caused severe 
congenital anomalies in the offspring of pregnant 
rats, including agenesis of the lung and TEF (Di 
Gianantonio et al.  2001 ; Nora et al.  1976 ; Wong-
Gibbons et al.  2008 ; Felix et al.  2007 ). 

 As evident, no specifi c environmental risk fac-
tors has been identifi ed. 

 In 25 % of cases, this anomaly is associated 
with other gastrointestinal malformations, such 
as pyloric stenosis, annular pancreas, imperforate 
anus, and the VACTERL complex (vertebral, 
anal, cardiac, tracheal, esophageal, renal, and 
limb anomalies), which is the best known group 
of anomalies associated with EEA/TEF. 

 Other recognized associations are trisomy 18 and 
21, CHARGE syndrome, and Potter syndrome.  

1.2     Classifi cation 

 The classifi cation of EA anomalies is based on 
the location of atresia and the presence of any 
associated tracheoesophageal fi stula. 

 The fi rst classifi cation was described by Vogt 
in 1929 and then modifi ed by Gross in 1953. 
According to the last one, fi ve types of congenital 
EA are possible (Fig.  1.1 ):

•     Type A: pure esophageal atresia without 
fi stula.  

•   Type B: esophageal atresia with a fi stula 
between the trachea and the proximal esopha-
geal pouch.  

•   Type C: esophageal atresia with fi stula 
between the trachea or the main bronchus and 
the distal esophageal segment.  

•   Type D: esophageal atresia with both proxi-
mal and distal fi stulas.  

•   Type E: tracheoesophageal fi stula “H or N” 
shaped without atresia. It is called N-type fi s-
tula because it courses obliquely from the 
esophagus upward to the trachea. Most of 
them are at thoracic inlet (T2–T3).    

 Type C is by far the most common, occurring 
in 82–86 % of cases. Then we have type A atresia 
(8–9 % of cases), followed by type E (6 % of 
cases). The less common are type B and C occur-
ring in about 1 % of cases (Spitz  2007 ).  

a b c d e

  Fig. 1.1    These drawings show the fi ve types of EA/TEF. 
In ( a ) pure esophageal atresia; in ( b ) and ( c ), respectively, 
it is associated with a proximal or distal fi stula with the 

trachea or main bronchus. In ( d ) there are both the fi stulas 
and in ( e ) you can fi nd a tracheoesophageal fi stula without 
esophageal atresia       
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1.3     Diagnosis 

1.3.1     Prenatal Diagnosis 

 US, performed between the 16th and 20th week 
of gestation, can demonstrate the presence of 
polyhydramnios, reduced intraluminal liquid, 
and the absence of gastric bubble, signs suggest-
ing EA, although they are not specifi c criteria, 
reporting a PPV of 44 % and 56 %, respectively. 

 The so-called upper pouch sign, the dilatation 
of the upper blind fundus of the atresic esopha-
gus, may be observed during fetal deglutition at 
the 32nd gestational week (Holland and 
Fitzgerald  2010 ; Houben and Curry  2008 ); nev-
ertheless this sign could not be observed also in 
experienced hands. 

 In the presence of a high US suspicion of EA/
TEF, MR can be performed, having a sensitivity 
of 100 % to diagnose these anomalies: the diag-
nostic criterion is represented by the lack of visu-
alization of the intrathoracic region of the 
esophagus (Pinheiro et al.  2012 ; Houben and 
Curry  2008 ).  

1.3.2     Neonatal Diagnosis 

1.3.2.1     Clinical Findings 
 The impossibility to pass a catheter beyond 11 or 
12 cm is the primary sign of EA in the delivery 
room (Lahdes-Vasama et al.  2009 ). 

 In the nursery room, the inability to swallow 
saliva or milk, aspiration during early feeding, or 
cyanosis can make us to suspect the presence of 
EA. In type E atresia, the clinical diagnosis may 
be performed later in years because of delayed 
symptoms such as cough while swallowing, dis-
tended abdomen, and recurrent pneumonia.  

1.3.2.2     Diagnostic Imaging 

   Plain X-ray 
 The confi rmation requires an anteroposterior and 
lateral chest radiography revealing the proximal 
blind pouch distended with air (Fig.  1.2 ). The 
abdomen must always be included in the radio-
graph to fi nd out air in the gastrointestinal tract, 

in cases of distal fi stula. In fact, in types A and B, 
there is no any sign of gas in stomach and intesti-
nal tract (Fig.  1.3 ), whereas in types C and D, we 
can observe gas distending the bowel loops 
(Fig.  1.4 ) (Berrocal et al.  1999a ).

     A paramount detail to convey to the surgeon is 
the position of the aortic arch, because it helps to 
choose the best surgical approach; when chest 
x-ray does not recognize the side of the arch, it is 
indicated to perform an echocardiography to plan 
the surgical method and to prognosticate the out-
come; in fact a right-sided aortic arch (2.5 % of 
cases) implies a very challenging repair requiring 
a left thoracotomy. 

 Radiographically, it can be possible to recog-
nize the type of EA by advancing a radiopaque 
feeding tube through the nose to the level of atre-
sia (Fig.  1.5 ); the tube will stop and curl coming 
in front of a blind end. The proximal pouch may 
be distended by a gentle injection of air or a little 
amount (1–2 ml) of water-soluble contrast 
medium via the tube (Fig.  1.5 ).

  Fig. 1.2    Esophageal atresia: abdomen x-ray shows air- 
fi lled dilated proximal esophageal pouch. The presence of 
air in the bowel suggests a distal tracheoesophageal fi stula       
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   Isolated long-gap EA (>2 vertebral bodies or a 
gap >3 cm) is associated with 13 pairs of ribs. 

 When a fi stula occurs, atelectasis and pneu-
monia of the upper right lobe are detected in 50 % 
of cases (see Figs.  1.3  and  1.4 ). 

 When type E is suspected, the best way to dem-
onstrate the fi stula is to perform a tube esophago-
gram under fl uoroscopic guidance. It is always 
preferable to use an iodinate nonionic water-soluble 
contrast material, diluted with water at 50 %. It is 
administered both directly and through a nasogas-
tric tube located at the gastroesophageal junction. 
The patient is in right lateral position, with the lower 
limb slightly raised with respect to the upper limb, 
in order to promote the opacifi cation of the tracheo-
esophageal fi stula, running upward and rightward 
(Fig.  1.6 ). The contrast media must be aspirated 
back immediately at the end of the examination.

   Iodinated water-soluble contrast media is 
usually preferred to the diluted barium because 
the latter one could cause a severe respiratory 
distress if aspirated, being a quickly solidifying 
substance. 

 During the preoperative period, it has been 
proposed to perform tracheobronchoscopy to 
vcarina, to recognize other anomalies, and to 
occlude the TEF with a balloon, in order to 
improve the mechanical ventilation and to 
avoid gastric distension and gastroesophageal 
refl ux.     

1.4     Treatment 

 In the absence of severe malformations, the pri-
mary correction of EA and TEF is the best treat-
ment option. In some cases the primary 
anastomosis cannot be performed because of a 
“long gap” separating the two ends of the esoph-

  Fig. 1.3    Esophageal atresia with upper fi stula. The naso-
gastric tube stops in the upper esophagus. Associated fi nd-
ings are right pneumothorax and left pneumonia. No gas 
in the abdomen       

  Fig. 1.4    Esophageal atresia with lower fi stula along with 
pneumonia of the upper left lobe. Esophagogram shows a 
distended proximal pouch       
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agus; to overcome these diffi cult cases, many 
options have been suggested, such as the 
Livaditis myotomy, the Foker technique, and the 
extensive mobilization of the distal segment 
through the diaphragmatic hiatus. Nevertheless, 
some complications may occur if the anastomo-
sis is tailored under tension, such as gastro-
esophageal refl ux, esophageal stricture, and a 
high leak rate (Seitz et al.  2006 ; Sharma et al. 
 2000 ; Alabbad et al.  2009 ). 

 In type A the surgical approach consists of tai-
loring of a gastrostomy for feeding and a suc-
tioning of the blind pouch to protect the airways. 
The following options for reconstructions 
involve or a delayed primary repair using the 
native esophagus or its replacement using colon 
or stomach. 

 In type E the operation requires a neck dis-
section to expose the anomaly, then the division 
and the repair of the fi stula. This technique is 
characterized by a quite high risk of recurrent 
laryngeal nerve injury; in the recent years, an 

Nd:YAG laser has been used for this purpose, 
although new data are necessary because experi-
ence is limited and it is not widely 
recommended. 

 During the postoperative period, if the esoph-
ageal anastomosis has been performed under 
tension, the patient is electively paralyzed and 
ventilated for 5–7 days. If a transanastomotic 
feeding tube has been inserted, the feeding usu-
ally starts 48 h after the surgery and proceeds 
very slowly (Alabbad et al.  2009 ). Only when 
the child starts to swallow, the oral feeding 
may start. The primary complications after sur-
gery are represented by the leak and stenosis of 
anastomosis (Fig.  1.7 ), esophageal dysmotility, 
 gastroesophageal refl ux, fi stula recurrence, sco-
liosis, and respiratory disorders.

   Some patients may have an uneventful post-
operative period, whereas others may come 
across some respiratory or esophageal disorders 
that can affect their ability to develop adaptive 
behaviors.  

a b c

  Fig. 1.5    Esophageal atresia with lower fi stula. ( a ) Frontal 
radiograph shows the nasogastric tube arresting within the 
upper esophageal pouch. It is clearly depicted in air 

 distention of the stomach and jejunum. ( b ,  c ) 
Esophagogram shows a complete upper esophageal 
obstruction       
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1.5     Esophageal Stenosis 
and Webs 

 They are considered as a variant of esophageal 
atresia and are often associated with TEF. 

 Congenital stenosis often appears as a 2–3 mm 
constriction in the middle or distal esophagus. 
Their differential diagnosis must include gastro-
esophageal refl ux, surgery-related strictures, and 
corrosive ingestion. 

 Congenital webs are identifi ed on barium 
enema studies as smooth and thin defect in the 
esophagus and can be located at the same level of 
the fi stula.  

1.6     Stomach 

 A complete gastric agenesis never occurs. 
Microgastria, a congenitally small stomach, is a very 
rare condition occurring both isolated and in associa-
tion with other anomalies, especially the heterotaxia 
syndrome with asplenia. At imaging the typical fi nd-
ing is represented by an enlarged esophagus with a 
small midline stomach (Applegate et al.  1999 ). 

 A complete obstruction involving the gastric 
outlet is very rare, except when caused by extrin-
sic conditions, such as congenital peritoneal 
bands exercising pressure on gastric walls or by 
pancreatic tissue within gastric wall (Berrocal 
et al.  1999a ). 

  Fig. 1.6    Tracheoesophageal fi stula without atresia. 
Esophagogram shows a communication between the tho-
racic esophagus and trachea ( white arrow ). Contrast 
media fi ll the whole tracheobronchial tree       

  Fig. 1.7    Esophageal atresia: esophagogram shows a 
postsurgery stenosis       
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 Gastric atresia is also a rare condition, account-
ing for <1 % of all congenital intestinal obstruc-
tions, and it is typically localized to the antrum or 
pyloric region. It is thought to be a consequence 
of localized vascular occlusion in fetal life rather 
than to failed bowel canalization, mainly because 
of the absence of epithelial perforation in the 
stomach as in the esophagus and duodenum. 

 Pyloric atresia is divided into three types: (1) 
complete atresia with no connection between the 
stomach and duodenum, (2) complete atresia with 
a fi brous band connecting the stomach and duode-
num, and (3) gastric membrane or a diaphragm. 

 Clinical presentation is characterized by non- 
bilious vomiting within the fi rst few hours after 
delivery and abdominal distention (Moore  1989 ). 

 It can be familial or associated with epider-
molysis bullosa. 

 Its diagnosis requires an abdomen x-ray show-
ing the so-called single bubble sign, caused by 
the distention of the stomach close to the obstruc-
tion with the absence of gas in bowel lumen. 
Contrast media is not needed. 

 The partial gastric outlet obstruction is com-
monly caused by incomplete prepyloric dia-
phragm, antral stenosis, aberrant pancreatic tissue 
in gastric antrum, and antral duplication cysts. 

 At abdomen x-rays, it is possible to detect gastric 
distention with small amount of gas within the small 
bowel, depending on the site of the obstruction. 

 Barium enema and US can help to identify the 
defect; in fact barium enhances the presence of 
 membranes  as thin (2–3 mm) and linear fi lling 
defects interrupting the barium column, resulting 
in “pseudo double bulb” appearance, because the 
infl owing barium outlines at fi rst the space 
between the antrum and the pylorus and then the 
duodenal bulb (Clements et al.  1979 ). 

 When the stomach is fi lled with clear fl uid, US 
can detect the membrane as an echogenic band 
extending centrally from the lesser to greater cur-
vatures in the prepyloric region (Chew et al. 
 1992 ; Van Winckel et al.  1994 ). 

  The aberrant pancreatic tissue  can be found 
more commonly in the gastric antrum and may 

cause intermittent obstruction because it pro-
lapses into the pylorus. Contrast media is able to 
highlight a smooth, dome-shaped fi lling defect of 
1–3 cm with a central umbilication on the larger 
curvature (Lai and Tompkins  1986 ). 

  Gastric duplication  accounts for about 7 % of 
gastrointestinal tract duplications. Most of them are 
located on the greater curvature and are noncom-
municating. The clinical symptoms depend on their 
size, their location, and the presence of any com-
munication with any tract of digestive tube. 

 They are usually found out during childhood 
with vomiting and abdominal pain, although 
most of them are asymptomatic. 

 Abdomen x-ray and contrast enema can dis-
play a paragastric mass displacing the stomach, 
but US, CT, or MRI can better detect a well- 
defi ned cystic mass close to the greater curvature, 
appearing at sonogram having an echogenic inner 
rim with a hypoechoic outer muscle layers.  

1.7     Duodenum 

1.7.1     Complete Duodenal 
Obstruction 

 Complete duodenal obstruction is generally caused 
by duodenal atresia, resulting from a defect of recan-
alization during the 9th–11th week of gestation; it 
does not seem to be related to intrauterine vascular 
insults, as occurs in lower small bowel atresia. 

 It is characterized by a reported incidence of 
about 1:5000–10,000 live births, with most recent 
data indicating 0.9 per 10,000 (Best et al.  2012 ). 

 Unlike other intestinal atresia, it is often associ-
ated with other congenital anomalies, such as con-
genital heart disease, additional intestinal atresia, 
VACTERL syndrome, malrotation, annular pan-
creas, biliary tract and mandibulofacial anomalies, 
and trisomy 21, which is present in almost 30 % of 
cases (Hertzberg and Bowie  1990 ). 

 Four main types of duodenal atresia have been 
described (Fig.  1.8 ): type I is characterized by a 
complete mucosal membrane or a diaphragm 
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within the muscularis with an intact serosa, thus 
maintaining the continuity of the bowel. In type 2 
there is a fi brous cord linking the two duodenum 
segments that are discontinuous. Type 3 does not 
consider any connection between the proximal 
and distal segments of the duodenum. In type IV 
we have multiple atretic segments such as a 
“string of sausages” (Grosfeld et al.  1979 ).

   Other causes of duodenal obstruction are 
annular pancreas, midgut volvulus, duodenal 
web, Ladd bands, and pre-duodenal portal vein. 

  Annular pancreas  is an abnormal portion of 
pancreatic tissue arising from the head and encir-
cling the second part of duodenum forming a 
ring; when a complete ring is formed, a total and 
severe duodenal obstruction occurs, while if the 
ring is incomplete, obstructive symptoms may 
occur later in life (Norton et al.  1992 ). 

  Midgut volvulus  is the most dramatic result of 
intestinal malrotation, and, when present, its 
radiographic fi ndings are indistinguishable from 
duodenal atresia in such cases. As a consequence, 

a b

c d

  Fig. 1.8    These drawings show the main types of duode-
nal atresia. In ( a – b ) there is a complete mucosal mem-
brane or a diaphragm within the muscularis with an intact 
serosa, thus maintaining the continuity of the bowel. In ( c ) 

there is a fi brous cord linking the two duodenal segments. 
In ( d ) does not consider any connection between the prox-
imal and distal segments of the duodenum       
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any duodenal obstruction presenting at birth must 
be considered as a midgut volvulus until proved 
otherwise (Berrocal et al.  1999a ).   

1.8     Diagnosis 

1.8.1     Clinical Manifestations 

 The initial manifestation is often specifi c, usually 
polyhydramnios due to the infant’s inability to swal-
low and to absorb the amniotic fl uid. After birth, the 
typical manifestation is vomiting, which is delayed 
until after the fi rst feeding, and bilious, because the 
obstruction is located beyond the ampulla of Vater. 

 The vomiting is going to increase dramatically 
thereafter. Abdominal distention and feeding diffi -
culties are often associated (Brantberg et al.  2002 ).  

1.8.2     Diagnostic Imaging 

 Perinatal US can detect the presence of polyhydram-
nios, which is an early clue to the possibility of duo-
denal atresia since about 15 % of neonates showing 
this fi nding will have a gastrointestinal anomaly and 
about 80 % of cases with duodenal atresia have 
 polyhydramnios. An important US fi nding, detected 
both ante- and postnatally, is the “double bubble” 
sign indicating the distention of proximal duodenum 
and stomach associated with lack of gas in the lower 
bowel (Correia-Pinto and Ribeiro  2014 ). 

 In cases of complete duodenal atresia, no gas 
will be detected distal to the proximal duodenum. 
This is the classic fi nding discovered on abdomen 
x-ray also (Fig.  1.9 ), and when it is present, no 
other radiographic studies are required.

   Contrast media diluted with water at 50 % and 
administered via a nasogastric tube shows gastric 
and duodenal distention without any sign of con-
trast media in the distal duodenum (Fig.  1.10 ). 
Nevertheless, the upper gastrointestinal study is 
not indicated when the abdomen x-ray does not 
show any certain sign of duodenal obstruction, 
because the administration of contrast media may 
lead to aspiration.

   It is important to notice that this sign is also 
present in other conditions, such as intestinal 
malrotation; for this reason, some authors sug-
gested performing contrast enema to make sure 

of the right diagnosis, since in intestinal atresia 
a microcolon of disuse would be found, while 
a malpositioned colon and cecum would sug-
gest a malrotation (Laya et al.  2015 ; Strouse 
 2008 ).   

1.9     Treatment 

 A naso- or orogastric tube is placed in order to 
decompress the stomach and to reduce the risk of 
aspiration; intravenous fl uids are given to support 
vital functions. 

 Once obtained the hemodynamical stability, 
the little patient can undergo the surgical repair, 
via laparotomy or laparoscopy, performing a 
duodenoduodenostomy or a duodenojejunos-
tomy. While operating, it is always fundamental 
to rule out other gastrointestinal anomalies, such 
as malrotation, bowel atresia, or annular pancreas 
(Son et al.  2015 ; van der Zee  2011 ). 

  Fig. 1.9    Frontal x-ray depicts a markedly distended 
stomach and duodenum (double bubble sign), without evi-
dence of gas in the rest of bowel tract, typical of duodenal 
atresia       
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 Long-term outcome is very favorable with 
survival rates of about 90 %. Among the causes 
of morbidity and mortality, associated anomalies 
and ultrashort bowel syndrome have to be men-
tioned, requiring long-term parenteral nutrition.  

1.10     Partial Duodenal 
Obstruction 

1.10.1     Duodenal Stenosis 
and Duodenal Web 

 Partial duodenal obstruction can be caused by 
duodenal stenosis and web, Ladd bands, annular 
pancreas, midgut volvulus, pre-duodenal portal 
vein, and duplication cyst. 

 As seen in patients with duodenal atresia, also 
in  duodenal stenosis , the radiologic sign of “dou-
ble bubble” is present, but in this case, a small 
amount of gas in the lower gastrointestinal tract 
is visible (Fig.  1.11 ).

   Performing UGI studies is useful and is per-
formed with an iodinated water-soluble contrast 
media diluted with water at 50 %, administered 
via a nasogastric tube. It allows to visualize a 
slow progression of contrast media through the 
stenotic segment of the duodenum to the distal 
bowel; in addition, it is helpful to differentiate it 
from a midgut volvulus in which the small intes-
tine twists like a corkscrew around the superior 
mesenteric artery. This fi nding can be visualized 
by performing color Doppler US also, recogniz-
ing the so-called whirlpool sign of a midgut vol-

a b

  Fig. 1.10    ( a ) Plain fi lm shows gas distention of the stomach and proximal duodenum; no gas is seenthe rest of the 
abdomen. ( b ) Barium study confi rms the duodenal atresia with the double bubble sign       
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vulus, characterized by the clockwise wrapping 
of the superior mesenteric vein and the mesen-
tery around the superior mesenteric artery 
(Materne  2001 ). 

  Duodenal webs  are small congenital obstruc-
tive membranes of the mucosa and submucosa 
layers, with a central pinhole opening represent-
ing the functional web. 

 They occur because of an incomplete bowel 
lumen recanalization during the eighth to tenth 
week of gestation. They are typically located in 
the second portion of the duodenum (85–90 % of 
cases), less frequently in the third and fourth 
portion. 

 Their incidence is approximately 1:10,000–
40,000 live births. In the majority of cases, they 
are congenital, although some reports suggest 
they can be a complication of a long-term therapy 
with nonsteroidal anti-infl ammatories. They are 
often associated with other congenital condi-
tions, such as malrotation, trisomy 21, annular 
pancreas, and congenital heart disease. 

 Prenatal US can show polyhydramnios and 
growth failure, associated with a dilated stomach. 

 After birth, clinical presentations usually con-
sist of vomiting, food refusal, and failure to 
thrive; in some reports gastrointestinal bleeding 
has been described (Nagpal et al.  1993 ; Al 
Shahwani et al.  2013 ). 

 Abdominal x-rays may demonstrate a double 
bubble sign or be normal, while upper GI series 
may reveal the “wind-sock sign,” which is the 
result of the long-term pressure of peristalsis 
against the stenotic portion of the duodenum, 
leading to distal stretching of the web, creating 
an intraluminal pseudodiverticulum. The fi nding 
is characterized by a thin radiolucent membrane 
representing barium fi lling the lumen and around 
the diaphragm. 

 Because of the partial obstruction, these con-
genital anomalies may be diagnosed later in life 
with respect to those with duodenal atresia, or 
they are diagnosed incidentally because the patient 
undergoes examinations for other reasons.  

a b

  Fig. 1.11    ( a ) Radiograph performed before shows gas 
distention of the stomach and of the proximal aspect of  
the duodenum; note the presence of little amount of air in 

the intestinal loops ( b ) Barium study depicts a severe duo-
denal stenosis with the double bubble sign       
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1.10.2     Treatment 

 Surgical options are duodenoduodenostomy or 
duodenotomy with web lysis, via laparotomy or 
laparoscopy. When proximal duodenal lumen is 
equal or exceeds 5 cm, it can be possible to choose 
for imbrications or tapering duodenoplasty (Sarin 
et al.  2012 ). Possible complications after surgery 
are bleeding and pancreatitis, whereas the endo-
scopic approach may lead to incomplete repair of 
the web. In the presence of malrotation, Ladd pro-
cedures are to be performed. 

 The general outcome is good and, as for other 
gastrointestinal malformations, depends mainly 
on associated congenital anomalies (Escobar 
et al.  2004 ).   

1.11     Jejunum and Ileum 

 Jejunoileal atresias are commonly caused by an 
intrauterine ischemic insult, related to a vascular 
cause or secondary to a volvulus,  intussusception, 
malrotation, or intestinal strangulation via a her-
nia. Also maternal smoking and cocaine abuse 
have been indicated as possible causes of intesti-
nal atresia. 

 Their incidence is about 1:50,000–10,000 live 
births, affecting both sexes equally. 

 They can affect the small bowel everywhere, 
although the distal portion of the ileum is the 
most involved (Baglaj et al.  2008 ). 

 The association with other congenital malfor-
mations is less common, and, when present, cys-
tic fi brosis and malrotation are the most 
commonly associated conditions. 

 A form of hereditary intestinal atresia is the 
multiple intestinal atresia (HMIA), a severe vari-
ant fi rstly described in 1970 by Mishalany and 
Der Kaloustian and Guttman et al. This is an 
autosomal recessive disorder affecting multiple 
bowel segments from the pylorus to the rectum, 
with long intestinal segments frequently 
occluded. It occurs commonly in French 
Canadians and can be associated with combined 
immunodefi ciency. Studies reported a linkage 
with the mutation of tetratricopeptide repeat 
domain-7A (TTC7A) gene, fundamental for the 

development of the thymus and intestinal epithe-
lium. This condition is characterized by a poor 
outcome since after surgical repair, the patients 
keep on having low gastrointestinal functions 
although preserving the intestinal length to avoid 
the short gut syndrome (Ali et al.  2011 ). 

 Intestinal stenoses mainly result from three 
causes: external compression, intramural narrow-
ing from the rest of heterotypic tissue, and incom-
pletely perforated intraluminal web. Extrinsic 
compressions are most commonly confi ned to the 
duodenum, resulting from peritoneal bands or 
annular pancreas (Free and Gerald  1968 ). 

1.11.1     Classifi cation 

 The classifi cation of jejunoileal atresia was fi rstly 
provided by Louw and then refi ned by Martin 
and Zerella and by Grosfi eld et al. The classifi ca-
tion considers four types of intestinal atresia 
based on anatomic features. Type I is character-
ized by a mucosa and submucosa web with 
 continuity of the proximal and distal muscular 
layers with an intact mesentery. Type II consists 
of a fi brous cord connecting the atretic bowel 
ends. Type III has two subtypes: in the IIIa form, 
there is an atretic segment with a mesenteric 
defect “V shaped” also and IIIb is the so-called 
apple-peel deformity, in which you have a proxi-
mal jejunal atresia with an extensive mesenteric 
defect with the bowel wrapped around a single 
artery. Type IV describes multiple atresias 
appearing like a “string of sausage” (Grosfeld 
et al.  1968 ) (Fig.  1.12 ).

1.11.1.1       Clinical Presentation 
 The typical presentation is a newborn in the fi rst 
1–2 days of life with bilious vomiting and 
abdominal distention which depends on the loca-
tion of atresia, with more distal lesions having 
more distentions. Infants may experience 
 hyperbilirubinemia and feeding diffi culties also. 
A history of maternal polyhydramnios is often 
associated. In more distal lesions, meconium 
may not pass; in more proximal lesions meco-
nium may pass because of generation of success 
entericus (Frischer and Azizkhan  2012 ).  

V. Miele et al.



15

1.11.1.2     Diagnosis 
 Prenatal ultrasound may show dilated, echogenic 
bowel and maternal polyhydramnios in about 
one-third of cases. In ultrasound uncertain cases, 
MRI can be performed. 

 Postnatally, the fi rst step to perform is an 
abdomen x-ray which reveals several dilated 
bowel loops, more than the double bubble of duo-
denal atresia but less than in the lower obstruc-
tions (Fig.  1.13 ). Typical is the so-called triple 
bubble sign, indicating the dilatation of stomach, 
duodenum, and proximal jejunum; the dispropor-
tionate dilatation of the bowel proximal to the 
atresia results in a bulbous contour suggestive of 
congenital small bowel obstruction (Fig.  1.14 ).

    In cases of partial obstruction, a small amount 
of air can be observed distally; in some cases, a 
little amount of air can be injected through a 
nasogastric tube to discriminate between a partial 
and a total obstruction. In isolated duodenum of 
jejunal atresia, the colon is normal in size because 
of intestinal secretions by the distal bowel loops 
making a normal caliber colon; instead, in ileal 
atresia the colon is diffusely reduced in caliber 
(functional microcolon), well demonstrable by 
performing a contrast enema (Morris et al.  2016 ; 
Berrocal et al.  1999b ). 

 The fl uoroscopic gastrointestinal study is per-
formed as already described earlier; the enema 
can show a distal unused colon (microcolon) 

a

c d

e

b

  Fig. 1.12    These drawings show the four types of jejunoileal atresia, note the lost of mesenteric integrity and the pres-
ence of multiple stenoses       
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which is not in its right position in the abdomen, 
leading to some grades of malrotation (Fig.  1.15 ). 
It is often easy to observe the retrograde fl ow of 
enema in the distal ileum until the site of ill or 
jejunal atresia.

   In most instances an upper gastrointestinal 
study is not required before surgical repair; but 
when performed it may help to exclude other 
obstructive disorders (i.e., meconium ileus or 
Hirschsprung’s disease), especially when dilated 
small bowel or the colon cannot be differentiated 
on plain radiography. If meconium ileus is pres-
ent, Gastrografi n can be used as enema which can 
help to evacuate the meconium, being a hyper-
tonic solution, as well as make a diagnosis (Di 
Giacomo et al.  2015 ). 

 Moreover, contrast media can be performed in 
cases of partial obstruction, demonstrating the 
presence and the grade of stenosis (Figs.  1.16  and 
 1.17 ) or a mucosal web with a small opening. It 
can also help to identify the location of the cecum 
to rule out anomalies of rotation and fi xation.

    Also sonography can be used to differentiate 
meconium ileus and ill atresia, because the for-
mer is characterized by dilated loops fi lled with 
echogenic material, while in ill atresia, the bowel 
content is echo-poor. 

 The presence of intraperitoneal calcifi cations 
suggests a meconium peritonitis as a conse-
quence of intrauterine intestinal perforation and 

  Fig. 1.13    Jejunal atresia. Air distention of the stomach 
and fi rst jejunal loops, with signs of obstruction       

a b

  Fig. 1.14    ( a – b ) Frontal plain fi lms show jejunal atresia along with intestinal occlusion. “Triple bubble” sign ( b )       
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can be seen in 12 % of cases (Frischer and 
Azizkhan  2012 ); intestinal perforation can occur 
also after birth (Fig.  1.18 ).

   The “apple-peel” syndrome is characterized 
by proximal jejunal atresia with the absence of 
mid-small intestine and the dorsal mesentery as a 

a b c

  Fig. 1.15    Multiple intestinal atresias. ( a ,  b ) Frontal and lateral radiographs show intestinal obstruction with air-fl uid 
levels. ( c ) Barium enema study demonstrates an unused microcolon occupying the left abdomen       

a b

  Fig. 1.16    ( a ) Radiograph shows dilatation of the stomach and duodenal loop. Gas is seen in jejunal loops. ( b ) Barium 
study demonstrated a jejunal stenosis at the level of Treitz ligament       
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consequence of intrauterine occlusion of the dis-
tal superior mesenteric artery. Therefore, the dis-
tal bowel derives its bloody supply from the 

proximal superior mesenteric artery and the dis-
tal small bowel spirals around its single vascular 
supply resembling an apple peel.  

a b

  Fig. 1.17    ( a ) Abdominal plain radiogram shows a 
dilated stomach and irregular distribution of the air in the 
abdomen; ( b ) after a barium enema study one can observe 

a dilated stomach and proximal duodenum, with air in the 
distal bowel loops, suggesting a duodenal stenosis       

a b c

  Fig. 1.18    ( a ) The fl uoroscopic gastrointestinal study shows a duodenal stenosis because of dilatation of the stomach 
and proximal duodenum. ( b ,  c ) The same patient in AP and LL projections: intestinal perforation is evident also       

 

 

V. Miele et al.



19

1.11.1.3     Treatment 
 At fi rst, infant needs to be stabilized and needs of a 
nasogastric tube to decompress the stomach and to 
minimize the aspiration. Broad-spectrum antibiot-
ics must be administered. Surgical repair can be 
performed both laparoscopically and via laparot-
omy. The choices of operation depend on the patho-
logical fi ndings, associated alterations (malrotation, 
volvulus, gastroschisis, meconium peritonitis), and 
the length of the remaining bowel. In patients with a 
normal length remaining bowel, a resection of the 
atretic loop can be performed; in case with a short 
bowel left, a proximal tapering enteroplasty or 
intestinal  plication has been proposed to preserve 
bowel length (Juang and Snyder  2012 ). 

 For these patients, it is also of utmost impor-
tance to document a complete distal patency; 
therefore, an intraluminal catheter and a saline 
solution fl ush can often identify additional distal 
atresias. In fact, while a primary resection or a 
tapering enteroplasty is needed for the initial 
atresia, in cases of multiple atresias, the distal 
ones are not distended; a direct end-to-end anas-
tomosis without resection for type II or IIIA dis-
tal atresia separated by a cord or a gap or an 
enterotomy and web excision with traverse clo-
sure of the enterotomy for distal type I web are 
acceptable. 

 Postoperative complications are anastomotic 
leak, infection, and short gut syndrome. These 
patients may suffer from feeding intolerance 
also, especially in the presence of meconium 
peritonitis, short bowel syndrome, and luminal 
discrepancy (Wang et al.  2014 ). 

 The prognosis is good with >90 % of survival; 
the prognosis for those suffering of short gut syn-
drome depends on the length of the remaining 
bowel, the dependence on parenteral nutrition, 
and the presence of the ileocecal valve (Calisti 
et al.  2012 ).    

1.12     Colon 

 Colonic atresia is relatively less common com-
pared to ileal atresia and is one of the rarest 
causes of neonatal intestinal obstructions, having 
an incidence of 5–15 % of all intestinal atresias. 

 It is usually caused by a fetal extrinsic mesen-
teric vascular obstruction associated with internal 
hernia, volvulus, and intussusception or 
strangulation. 

 An intraluminal vascular obstruction has also 
been advocated as a possible cause of CA. Some 
authors proposed the theory of emboli that, origi-
nating from the placenta and reaching the fetal 
mesenteric circulation, may cause intrinsic vas-
cular obstruction bypassing the lung circulation 
(Etensel et al.  2005 ; Erskine  1970 ). 

 Puri and Fujimoto stated that multiple intesti-
nal atresias may derive from a malformative pro-
cess of the gastrointestinal tract (Puri and 
Fujimoto  1988 ). 

 Varicella has been claimed to play a role in the 
pathogenesis of CA; in fact it seems that it might 
cause an injury to the enteric plexus leading to 
poor blood vessel development and ischemic 
condition, resulting in intestinal atresia (Sauve 
and Leung  2003 ). 

 In about two thirds of cases, it has been 
reported as an isolated anomaly, although it can 
be associated with other congenital anomalies, in 
particular fi xation and malrotation. In fact it 
seems that, causing problems related with loca-
tion and formation of proximal and distal seg-
ments, they both cause CA or are caused by 
colonic atresia (Landes et al.  1994 ; Sarin  2000 ; 
Benawra et al.  1981 ). 

 It commonly affects the colon proximal to the 
splenic fl exure. Atresias affecting the ascending 
colon are often indistinguishable from obstruc-
tions of the distal ileum. 

 Affected neonates complain with abnormal 
abdominal distention, vomiting, and failure to 
pass meconium. The differential diagnosis 
includes ileal atresia, meconium ileus or peritoni-
tis, functional immaturity of the colon, and 
Hirschsprung’s disease (Berrocal et al.  1999b ). 

1.12.1     Classifi cation 

 The classifi cation of CA was fi rstly provided by 
Louw and then refi ned by Marin and Zerella and 
Grosfeld (Grosfeld et al.  1979 ; Louw  1967 ; 
Martin and Zerella  1976 ). It consists of four 
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types of CA: type I represents a mucosal defect 
with an intact mesentery. Type II is characterized 
by a fi brous cord connecting the atretic bowel 
ends. Type IIIa consists of an atretic segment 
with a “V-shaped” mesenteric defect; type IIIb is 
the so- called apple-peel deformity in which we 
have a proximal colonic atresia, and the distal 
bowel is supplied by a single retrograde blood 
vessel. In type IV there are multiple atretic 
segments.  

1.12.2     Diagnosis 

 Prenatal US shows a characteristic fi nding of a 
colon with apparent haustra and showing an 
intestinal coursing at the periphery of the abdo-
men (Anderson et al.  1993 ). 

 Plain radiography shows features of low intes-
tinal obstruction with air-fl uid levels due to 
retained meconium, multiple dilated bowel loops, 
and the absence of air in the rectum. The colon 
proximal to the point of atresia is disproportion-
ately dilated, and a mottled pattern of gas and 
feces can be identifi ed. 

 Colonic enema study has been already 
described: enema typically shows a distal 
unused colon (microcolon) (Fig.  1.15c ) with 
obstruction to the retrograde fl ow of contrast 
medium at the site of atresia with the more proxi-
mal dilated colon ending in a blind pouch. 
Nevertheless, it cannot defi ne the length of bowel 
involved nor whether a proximal lesion exists 
(Winters et al.  1992 ). 

 Performing enema, different radiological 
signs have been described; that is, in type I defect, 
it can be observed the “wind-sock sign” because 
the contrast media pushes against the membrane. 
In type III there is the “hook” sign described on 
the microcolon sign (Azzie et al.  2002 ; Blair and 
Jamieson  2001 ). 

 US fi ndings of atretic colon include dilation of 
the distal small bowel and proximal colon whose 
content appears markedly echogenic due to the 
retained meconium. The differential diagnosis 
between small bowel and colonic obstruction can be 
performed only if the distal portions of the colon are 
visualized and appear collapsed (Pasto et al.  1984 ).  

1.12.3     Treatment 

 Previous studies recommended resection with 
primary anastomosis for lesions located close to 
the splenic fl exure and colostomy with delayed 
anastomosis for atresia distal to this point (Coran 
and Eraklis  1969 ; Schiller et al.  1979 ). 

 In the recent years, it has been proposed to 
perform resection and primary anastomosis, 
regardless of the location of the atresia, when the 
newborn’s condition permits: in fact the distal 
and proximal ends close to the atresia are differ-
ent for innervation, vascularity, and size (Pohlson 
et al.  1988 ). 

 Cox et al. proposed that this approach could 
be safely performed with a diameter variance of 
3:1 (proximal:distal) and without other distal 
mechanical obstructions (Cox et al.  2005 ). 

 In the absence of small bowel atresias, the 
normal length of small intestine can guarantee a 
normal bowel function. 

 When the ileocecal valve is intact, colonic 
atresia may appear as a closed loop obstruction 
with a high risk of perforation (Watts et al. 
 2003 ). 

 Regarding survival and postoperative compli-
cations, CA is the most favorable type of intesti-
nal atresias. In these cases the overall mortality is 
10 % or less; nevertheless, delayed diagnosis 
(>4 days) may result in a very high rate of 
 mortality, about 100 % (Karnak et al.  2001 ; Tao 
et al.  1987 ).   

1.13     Anorectal Malformations 

 Anorectal malformations (ARMs) comprise a 
wide group of congenital anomalies involving the 
distal anus, the rectum, and the genitourinary 
tract. The estimated incidence is about 1:5000 
live births, affecting males and females with a 
similar frequency. Most of them are represented 
by imperforate anus with the distal enteric com-
ponent ending blindly (atresia) or through a fi s-
tula into the genital or urinary tract or into the 
perineum. They are usually associated with other 
congenital anomalies in up to 70 % of cases, such 
as cardiac, vertebral (i.e., genesis and atresia of 
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the sacrum, vertebral dysplasia, and tethered cord 
syndrome), renal, and limb anomalies. 

 In particular, urogenital anomalies are the 
most common encountered in up to 60 % of 
patients complaining with hydronephrosis and 
vesicoureteral refl ux (Berrocal et al.  1999b ; 
Levitt and Peña  2007 ). 

1.13.1     Embryology 

 In the early embryonic like the development of 
the anorectum, the urogenital sinus and the cau-
dal neural tube are strictly related. In fact, 
between the fourth and sixth week of gestation, 
the primitive hindgut and the allantois (primitive 
urogenital sinus) enter into the cloaca, and the 
urorectal septum develops some infoldings of 
the lateral cloacal walls. At the same time, the 
developing neural tube and the mesodermal 
compartment, growing longitudinally, are 
responsible for the initial curvature of the 
embryo; therefore, the distance between the clo-
acal membrane and the tip of the urorectal sep-
tum is reduced. At the end of week 7, the 
urorectal septum and the cloacal membrane are 
located at the same level. The cloaca is then 
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 and opens two 
orifi ces in the perineum: one ventral or urogeni-
tal and one dorsal or anal. Simultaneously, a sec-
ondary occlusion of the anorectal canal takes 
place, which then will rupture and recanalize by 
apoptosis at the end of week 8 (Nievelstein et al. 
 1993 ,  1998 ,  2002 ). 

 Anomalies in the development of the ano-
rectal septum are the most involved in the 
ARMs. 

 They are divided into two main groups 
depending on the period in which the anomalies 
occur; the anomalies characterized by an early 
abnormal development of the dorsal part of the 
cloaca and the cloacal membrane typically mani-
fest as an ectopic anal orifi ce or fi stula. Those 
anomalies due to a later abnormal recanalization 

of the secondary occluded anal orifi ce manifest 
as abnormal anus in a normal position.  

1.13.2     Classifi cation 

 The best known classifi cation of ARMs is that 
provided by Wingspread in 1984, which divides 
these anomalies into three groups, low, interme-
diate, or high, depending on the location of the 
rectal pouch with respect to the puborectal sling 
(Stephens et al.  1988 ). 

 A low-type ARM is defi ned as a rectal pouch 
located below the level of the puborectal 
muscle. 

 An intermediate- or high-type ARM is charac-
terized by a rectal pouch located at or above the 
level of the puborectal sling. 

 In 2005 the Krickenbeck Conference estab-
lished a new classifi cation depending on the pres-
ence or absence of fi stulas and their location, as 
well as the position of the rectal pouch. This clas-
sifi cation provides fi ve types of fi stulas: recto-
perineal, rectovestibular, rectourethral bulbar, 
rectourethral prostatic, and rectovesical. The 
 rectovaginal fi stula is a variant of cloacal anom-
aly (Holschneider et al.  2005 ). 

 While the Wingspread classifi cation indicates 
the location of the rectal pouch, the Krickenbeck’s 
one gives anatomic evaluation about the rectal 
pouch but also indications about any fi stulas. 
This is an important fi nding for the surgeon who 
can anticipate the extent of mobilization of the 
atretic rectal segment and defi ne the most appro-
priate surgical approach. 

 Finally there is the one provided by Gans, 
which is the simplest and most used. This classi-
fi cation comprised three types of ARMs:  rectal 
atresia , in which the anus is open but the rectum 
above the anus is atretic and no fi stula is present. 
Then we have the  ectopic anus , occurring when 
the terminal bowel fails to descend causing lack 
of communication with the anus. As a conse-
quence, the rectum opens via a fi stula at an abnor-
mal location, such as the vestibule, vagina, 
urethra, bladder, and cloaca. In i mperforate anus  
the distal bowel ends blindly without any fi stula 
(Gans  1970 ) (Figs.  1.19  and  1.20 ).
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1.13.3         Diagnosis 

 A prenatal diagnosis is very diffi cult to reach, 
occurring in about 16 % of cases. Associated 
fi ndings are oligohydramnios, abdominal or pel-
vic cystic masses, fetal ascites, hydronephrosis, 
and intestinal distention. In the presence of a dis-
tended bladder with oligohydramnios, a possible 
ARM should be considered. 

 When multiple pelvic cystic structures are 
observed in a female fetus, one may take in mind 
it could correspond to a distended bladder or a 
unique or septate fl uid-fi lled vagina; therefore a 
cloacal anomaly should be suspected. The differ-
ential diagnosis includes hydrometrocolpos 
related to imperforate hymen (Bischoff et al. 
 2010 ; Calvo-Garcia et al.  2011 ). 

 Fetal MR imaging in the third trimester of 
gestation can help confi rm ARMs. In a normal 
fetus, urine has signal intensity similar to that of 

fl uid, whereas normal meconium appears hyper-
intense on T1-weighted images and hypointense 
on T2-weighted images. In some fetuses with 
ARMs, mainly long common-channel cloacal 
anomalies in females and some rectourinary fi s-
tulas in males, increased signal intensity in the 
rectum, and decreased signal intensity in the 
bladder can be observed on T2-weighted images 
as a result of the mixing of urine and meconium. 

 Nevertheless, in the majority of cases, ARMs are 
diagnosed at birth. All diagnostic techniques can be 
used (Miele et al.  2006 ; Miele and Di Giampietro 
 2014 ). In infants with a rectoperineal or a rectoves-
tibular fi stula (external fi stulas), the diagnosis of a 
low type of ARM is evident, and a perineal surgical 
procedure can be performed early. If no external fi s-
tula is evident, the passage of meconium through the 
vagina or with the urine may become evident after 
24–48 h of life, delaying the diagnosis of an interme-
diate or high type of ARM (Alamo et al.  2010 ). 

a b c d

  Fig. 1.19    These drawings show the different types of male ARMs with or without  rectal atresia  and with or whithout 
the presence of a rectal fi stula with the urinary tract. The anus can be ectopic or imperforate       

a b c

  Fig. 1.20    These drawings show the different types of female ARMs with anorectal agenesia or rectal atresia with or 
without fi stula. In the most complex malformation there is a common outlet: the cloaca       
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 There are different opinions about the most 
useful imaging studies to perform in neonates with 
ARMs. Imaging studies in the fi rst 2 days of life 
include radiography of the thorax, spine, and pel-
vis with cardiac, perineal, abdominal, pelvic, and 
spine US to detect possible associated anomalies. 

 In the past the invertography was performed to 
determine the level of atresia (Fig.  1.21 ); nowa-
days its use is to be discouraged as it causes 
unuseful stress. In fact, during invertogram, the 
baby keeps on crying causing obliteration of the 
lower rectum because of the contraction of 
puborectalis sling, and the rectum, being pushed 
into a cephalic direction, causes an error in ARM 
classifi cation (Niedzielski  2005 ).

   In the presence of fi stula, in invertogram this 
one becomes the highest point of the rectum, and 
some gas may escape causing less distention of 
the rectum. 

 In a prone cross-table lateral view with babies 
heat in genupectoral position, the fi stula becomes 
the lowest point and the rectum is better distended 
with a better delineation of rectal gas (Fig.  1.22 ).

   The “M line” runs horizontally through the 
junction of the lower third and upper two thirds of 
the ischium; it describes the level of the puborectal 
sling, and it is used to classify lesions as high, 
intermediate, or low on lateral radiographs. 

 Plain radiography of the thorax, spine, and pel-
vis in the anteroposterior and lateral views allow 
identifi cation of associated cardiac, costal, and 
vertebral anomalies (Narasimha Rao et al.  1983 ). 

 Perineal US is an excellent technique for eval-
uating the distance between the rectum distal 
pouch and the perineum and even the location of 
any rectourogenital fi stulas (Figs.  1.23  and  1.24 ) 
(Niedzielski  2005 ; Oppenheimer et al.  1983 ). It 
is usually performed with a 10–12-MHz high- 
resolution linear array transducer by using the 
transperineal approach, with the child in a supine 
position and the pelvis and legs elevated. The dis-
tance between the rectal pouch and the anus is 
measured in the midline sagittal plane through 
the perineum. A distance of greater than 15 mm 
indicates a high type of ARM, whereas a distance 
of less than 15 mm suggests a low type of malfor-
mation (Haber et al.  2007 ; Haber  2009 ). 

Nevertheless, differentiation between a low and a 
high lesion in a relatively low position may be 
diffi cult, and any crying by the patient can 
increase the intra-abdominal pressure, displacing 

  Fig. 1.21    Anorectal atresia. Invertogram. A small metal 
object is fi xed to the anal dimple       

  Fig. 1.22    Anorectal atresia. Lateral radiograph shows a 
distended rectal pouch. A small metal object is fi xed to the 
anal dimple       
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the distal rectal pouch to the perineum and short-
ening this distance. Fistulas may be identifi ed as 
linear tracts connecting the rectal pouch to the 
bladder, urethra, or posterior wall of the vagina.

    Abdominal US evaluation of the urinary tract 
is limited in the fi rst 24 h after birth, because the 
physiologic dehydration and the reduced uri-
nary output cause the lack of upper tract dilata-
tion. However, detection of any genitourinary 
anomalies requires a voiding cystourethrogra-
phy (Boemers et al.  1999 ). 

 Spinal US provides accurate information about 
the morphology and integrity of the sacrum and 

distal vertebral column, allowing identifi cation of 
the level of the medullary cone and demonstration 
of any presacral mass. In these cases complemen-
tary spinal MR imaging is mandatory. 

 Cystography and/or colostography are rou-
tinely performed to delineate associated fi stulas 
between rectum and urinary tract as well as vesi-
coureteral refl ux (Figs.  1.23  and  1.24 ). 

 CT and MR are the techniques of choice to 
delineate pelvic anatomy, in particular the puborec-
talis sling and the external sphincter. In neonates 
with ARMs, a combined protocol of pelvic and spi-
nal MR would be acceptable (Figs.  1.25  and  1.26 ).

a b

  Fig. 1.23    Anorectal atresia with bladder fi stula. ( a ) US 
shows a fl uid-fi lled urinary bladder and a not-distended 
rectal pouch behind. ( b ) During the urinary bladder void-

ing phase, you can observe the fi lling of rectal pouch, 
indicating a communication between the rectum and 
bladder       

a b

  Fig. 1.24    Anorectal atresia with bladder fi stula. ( a ) US 
shows a fl uid-fi lled urinary bladder and a rectal pouch dis-
tended by corpuscolated material backward ( b ) During 

the urinary bladder voiding phase, you can observe the 
additional fi lling of rectal pouch, indicating a communi-
cation between the rectum and bladder       
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    Boys presenting with ARM usually show 
other genital anomalies like hypospadias, micro-
penis, and ambiguous genitalia. MR imaging 
typically displays normal sphincteric develop-
ment with the anterior part of the rectum anteri-
orly dislocated and a rectoperineal fi stula. 

 Male patients commonly suffer from the high 
or intermediate form of ARM, with a rectourethral 
fi stula and almost normal perineal and gluteal 
anatomy with a well-developed levator ani and 
sphincteric muscle at MR imaging (Ratan et al. 
 2004 ; Peña and Hong  2000 ). 

 In girls, any perineal or vestibular fi stula can 
be well diagnosed at clinical examination. This is 
a low type of ARM, in which rectum and vagina 
are well separated in most of cases. 

 The most common anomaly depicted at MR 
imaging is the rectovestibular fi stula, in which 
both levator ani and external sphincter are well 
developed. 

 Cloacal anomaly is well diagnosed at clinical 
inspection, where a unique opening is seen for 
rectum, vagina, and urethra, but it is more diffi -
cult to delineate at MR because of the association 
of other genital anomalies, such as hydrocolpos, 
and a septum in uterus and vagina. However, MR 
can show an underdeveloped levator ani muscle 
which appears even atrophic along with a nonvis-
ible external anal sphincter (Nievelstein et al. 
 1993 ; Peña and Hong  2000 ). 

 The most frequent clinical syndromes associ-
ated with ARMs are the VACTERL syndrome, the 
caudal regression syndrome, and the Currarino 
syndrome. 

 The prevalence of VACTERL is about 
1.10,000–40,000 live births, and in most of cases, 
it is sporadic. 

 Its diagnosis can be suspected in the presence 
of US fi ndings of a single umbilical artery and 
polyhydramnios along with vertebral, renal, limb, 
and cardiac malformations. These patients have a 
high prevalence of spinal dysraphism, tethered 
cord syndrome, and genitourinary conditions. In 
these cases MR imaging is mandatory. 

 Caudal regression syndrome is a neural tube 
defect presenting with developmental anomalies of 
the distal spine along with complete or partial agen-
esis of the os sacrum and pelvic deformity and 

  Fig. 1.25    Anorectal malformation. Image from colostog-
raphy depicts a rectourethral fi stula and anal atresia       

  Fig. 1.26    Colostography shows an anorectal atresia with 
perineal fi stula       
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anomalies affecting the neural tube, gastrointestinal 
and genitourinary tract, limbs, and heart. Clinically 
patients suffer from a complete neurological defi cit 
as well as no control of the bladder and bowel. 

 Prenatal US fi ndings show interruption of the 
distal spine because of the absence of thoracic 
and lumbar vertebrae or the sacrum with fusion 
of pelvic bones and typical frog-like position of 
lower limbs (Solomon  2011 ; Solomon et al. 
 2011 ; Kuo et al.  2007 ). Also in this case, MR 
imaging is required after birth to fi nd out the level 
of spinal agenesis. 

 Currarino syndrome was fi rst described in 
1981 to describe the association of ARM, sacro-
coccygeal defect, and a presacral mass (teratoma, 
dermoid cyst, meningocele, neuroenteric cyst) 
responsible for a tethered cord syndrome. 

 This is an autosomal dominant disorder with 
incomplete penetrance. Patients usually present 
with intractable constipation (Currarino et al. 
 1981 ; Alamo et al.  2013 ). 

 Lateral x-ray depicts the sacral anomaly with 
preservation of the fi rst sacral vertebra and dys-
plasia of the last sacral vertebrae, with a sickle or 
scimitar appearance. MR imaging well depicts 
the presacral mass, the tethered cord, and the 
high atrophy of the sphincteric muscle.  

1.13.4     Treatment 

 The mainstay of therapy is to obtain a good qual-
ity of life with acceptable levels of bowel control 
and normal sexual and reproductive abilities. 

 The low-type ARM can be managed early 
with opening of the rectal pouch and ligature of 
the fi stula, when present. 

 The intermediate and high-type ARMs are 
treated with colostomy at fi rst and then with a 
defi nitive repair at a later age, by performing a 
posterior sagittal anorectoplasty alone or along 
with laparoscopic rectoplasty in a second interven-
tion (deVries and Peña  1982 ; Georgeson et al. 
 2000 ). Prior the defi nitive repair, a high-pressure 
distal colostogram is required to confi rm the level 
of rectal atresia and to identify any fi stulous tract. 
Through a Foley catheter, a water-soluble contrast 
medium is injected under mild pressure to infl ate 

its balloon and occlude the stoma. The injection 
should be continued until the patient starts voiding 
to increase the possibility to visualize the fi stula 
(Gross et al.  1991 ; Gupta and Guglani  2005 ). 

 High fi stulas, mainly the rectourethral pros-
tatic or the rectovesical in boys, are very diffi cult 
to visualize on a sagittal approach, so that a lapa-
rotomy or laparoscopy may be performed.      
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