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Abstract The small intestine is a complex organ system that
is vital to the life of the individual. There are a number of
congenital anomalies that occur and present most commonly
in infancy; however, some may not present until adulthood.
Most congenital anomalies of the small intestine will present
with obstructive symptoms while some may present with
vomiting, abdominal pain, and/or gastrointestinal bleeding.
Various radiologic procedures can aid in the diagnosis of these
lesions that vary depending on the particular anomaly.
Definitive therapy for these congenial anomalies is surgical,
and in some cases, surgery needs to be performed urgently.
The overall prognosis of congenital anomalies of the small
intestine is very good and has improved with improved med-
ical management and the advent of newer surgical modalities.
The congenital anomalies of the small intestine reviewed in
this article include malrotation, Meckel’s diverticulum, duo-
denal web, duodenal atresia, jejunoileal atresia, and
duplications.
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Small bowel duplications

Introduction

Congenital anomalies of the gastrointestinal tract can affect
any portion of the gastrointestinal tract from the esophagus
to the anus. These include tracheoesophageal atresia,
gastroschis is , omphalocele , colonic duplicat ion,
Hirschsprung’s disease, and imperforate anus, as well as a
number of anomalies of the small intestine. The major con-
genital anomalies of the small intestine include malrotation,
Meckel’s diverticulum, duodenal web, duodenal atresia,
jejunoileal atresia, and duplications. Many of these will pres-
ent in the neonatal period with obstruction. One can also pres-
ent later on in childhood or adulthood with vomiting, abdom-
inal pain, abdominal mass, or with gastrointestinal bleeding.
Some of these entities can be life threatening making it imper-
ative that health care providers be aware of these so as to be
able to rapidly make the correct diagnosis and provide appro-
priate therapy. It is important to realize that many of these
anomalies of the small intestine are also associated with other
congenital anomalies. Some of these anomalies were associ-
ated with high mortality rates in the first half of the 1900s but
now, due to improved medical therapy including total paren-
teral nutrition and newer surgical modalities, the prognosis of
congenital anomalies of the small intestine is very good. This
article will review the major congenital anomalies of the small
intestine including malrotation, Meckel’s diverticulum, duo-
denal web, duodenal atresia, jejunoileal atresia, and
duplications.

Malrotation

Malrotation is a broad term that encompasses a number of
rotational and fixation abnormalities of the intestines. Mall,
in 1898, described the embryonic origins of malrotation [1].
Proper development of the midgut involves a complex process
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of herniation of the gut out of the abdominal cavity prior to
rotating 270° counterclockwise around the axis of the superior
mesenteric artery. The midgut then reenters the abdomen
around 10–12 weeks gestation, undergoing fixation with the
duodenojejunal junction being fixed to the posterior abdomi-
nal wall to the left of the spine, the ligament of Treitz, while
the cecum becomes fixed in the right lower quadrant. Fixation
to the posterior abdominal wall is present from the ligament of
Treitz to the cecum and prevents intestinal torsion around the
vascular supply. Absence of this fixation predisposes one to a
midgut volvulus. Malrotation describes any abnormal rotation
or fixation in the above process and can be further character-
ized as non-rotation, incomplete (mixed) rotation, reversed
rotation, or mesocolic hernia [2]. It is estimated that up to 1
in 200 live births have an asymptomatic rotational anomaly
[3]; however, symptomatic malrotation occurs less frequently,
1 in 6000 live births [3, 4]. The male to female ratio is two to
one. Over a third of cases are associated with a congenital
anomaly. These include intestinal atresia or web, Meckel di-
verticulum, intussusception, Hirschsprung disease, mesenteric
cyst, anomalies of the extrahepatic biliary system, and con-
genital heart disease [5]. Those with congenital diaphragmatic
hernia, gastroschisis, and omphalocele all have malrotation. A
recent retrospective review noted the association of
malrotation in patients with an anorectal malformation and
two or more VACTERL (vertebral, anorectal, cardiac,
tracheoesophageal fistula, renal, radial, limb) anomalies [6].

While one can present at any age with a malrotation, it is
most common in the first several years of life with the majority
in the first month of life [7•]. Approximately 40 % of cases
present in adulthood [8]. Infants typically present with bilious
emesis secondary to a midgut volvulus. Due to the narrow
mesenteric base, the intestine twists around the superior mes-
enteric artery resulting in vascular compromise and ensuing
necrosis of the gut if it is not surgically corrected rapidly.
Therefore, bilious emesis in an infant is a medical emergency
that demands prompt attention. Other infants may present with
gastroesophageal reflux. Older children can present acutely or
with recurrent abdominal pain, vomiting, and/or poor weight
gain [9]. Some cases with be asymptomatic and be an inciden-
tal diagnosis on upper gastrointestinal contrast studies done
for other clinical reasons.

The definitive imaging for malrotation is an upper gastro-
intestinal series (UGI). Normally, the duodenojejunal junction
is located at the level of the ligament of Treitz to the left of the
spinal pedicle [10]. A rotational disorder is present when the
duodenojejunal junction is not in this location. If a volvulus is
present, a plain abdominal radiography may reveal distention
of the stomach and proximal duodenum along with minimal
or absent small bowel gas due to complete or partial obstruc-
tion. However, the most common finding on plain film in this
situation is a normal bowel gas configuration. A Bdouble bub-
ble sign^ is the classic hallmark of a duodenal obstruction

denoting dilated proximal duodenum and stomach. These
findings are similar to other etiologies of proximal obstruc-
tion, such as duodenal atresia or stenosis. Performance of an
UGI in the presence of malrotation with a volvulus may reveal
a Bcorkscrew^ appearance or Bcoiled spring^ appearance as
the contrast passes into the distal duodenum and proximal
jejunum [11] (Fig. 1). There may also be a Bbird-beaked^
appearance at the level of the obstruction from luminal
narrowing.

Studies have investigated the use of ultrasonography to
diagnose malrotation, looking for retromesenteric localization
of the third portion of the duodenum [12] or reversed mesen-
teric vessel position and Bwhirlpool sign^ [13]. Esposito et al.
suggest reversed position of the superior mesenteric artery and
vein has low sensitivity in isolated malrotation without volvu-
lus. However, the whirlpool sign seems to have high sensitiv-
ity (81 %) and specificity for the diagnosis of volvulus. A
recent prospective study compared sonography to UGI to di-
agnose malrotation, focusing on a combination of three sono-
graphic findings: inversion of the superior mesenteric artery
and vein, the whirlpool sign, and an intraperitoneal transverse
duodenum [14]. They concluded that the presence of all three
of these findings may make sonography superior to UGI to
evaluate patients with suspected malrotation. However, there
has been at least one case reported with normal retroperitoneal
positioning of the third part of the duodenum; thus, this find-
ing is not a definitive way to rule out malrotation [15].
Ultimately, the use of sonography depends on the availability
of an experienced radiologist or technician, which may not be
available at all centers or at all hours of the day. One of the
most important factors in managing these patients is close
communication between the radiologist and surgeon [16].
For now, UGI remains the gold standard to diagnosis
malrotation with or without volvulus [17•]. A barium enema
may be helpful in equivocal cases. Normally, the cecum is
located in the right lower quadrant. In the majority of those

Fig. 1 Upper gastrointestinal series in a newborn infant with malrotation
and midgut volvulus. Note absence of C-loop.
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with malrotation, the cecum will be malpositioned too, but
finding the cecum in the normal location does not rule out a
malrotation.

Once symptomatic malrotation is diagnosed it must be sur-
gically corrected. If there is confirmed or suspected volvulus,
then emergent surgery is indicated to prevent further injury to
the intestine. The Ladd procedure is the standard surgical op-
eration used to repair malrotation with or without volvulus.
This was first described by William Ladd in 1936 which re-
duces the volvulus if present, divides peritoneal bands causing
the obstruction, repositions the small and large intestines to
the right and left side of the abdomen, respectively, and ex-
cises the appendix [18].

Whenmalrotation is found incidentally in an asymptomatic
child, one should consider pursuing a Ladd procedure given
the potentially devastating outcome of a volvulus; however,
this is controversial. Recently, the American Pediatric Surgical
Association published recommendations, based on a system-
atic review, for the diagnosis and management of asymptom-
atic malrotation [17•]. They concluded that there is minimal
evidence to support screening asymptomatic patients with
congenital heart disease or patients with heterotaxy syndrome.
In addition, one should consider operating on younger patients
who are asymptomatic, while it may be appropriate to observe
older asymptomatic patients. Regarding patients with congen-
ital heart disease with asymptomatic malrotation, it was rec-
ommended to treat the heart defect prior to performing a Ladd
procedure.

The Ladd procedure can be performed laparoscopically or
as an open procedure. Performance of the Ladd’s procedure
laparoscopically for malrotation without volvulus may de-
crease the time until enteral nutrition is re-introduced and re-
duce the length of stay compared to an open procedure
[19–21]. Ooms noted that patients who underwent laparotomy
had more complications, including small bowel obstructions,
and longer hospital stays compared to laparoscopy, suggesting
that a laparoscopic approach should be considered first in an
otherwise stable patient [22]. This may not be the case in
neonates due to concerns of difficult visualization from the
limited intraperitoneal working space [23].

Meckel’s Diverticulum

Meckel’s diverticulum is the most common congenital anom-
aly of the gastrointestinal tract. This is named after Johann
Meckel who first described its embryonic origin in the
1800s [24]. It is found in approximately 2 % of the population
with a male to female ratio of two to four to one [25]. This
abnormality develops due to incomplete obliteration of the
vitelline, or omphalomesenteric, duct that results in an out
pouching of ileum on the anti-mesenteric side (Fig. 2), 40–
100 cm proximal to the ileocecal valve. A Meckel’s is a true
diverticulum, containing all three layers of the bowel wall,

mucosa, muscularis, and serosa. The diverticula may contain
ectopic mucosa, with gastric mucosa being the most common
which is present in 50–60 % of the cases, but they may also
contain pancreatic, duodenal, or rarely colonic or
hepatobiliary mucosa [26]. Ectopic gastric mucosa secretes
acid that can lead to ulceration of adjacent ileal mucosa and
subsequently result in bleeding. The Brule of 2 s^ has been
associated with Meckel’s diverticulum; it occurs in 2 % of the
population; it is located about 2 ft from the ileocecal valve; it is
typically about 2 in. long and presents in those less than 2 years
of age 50 % of the time.

The majority, 85–95 %, of patients with a Meckel’s diver-
ticulum are asymptomatic [27]. The most common presenta-
tion of a Meckel’s in children is painless rectal bleeding that
can be acute or chronic [26]. The bleeding is secondary to
peptic ulceration due to secretion of acid from the ectopic
gastric mucosa. The ulcer is located adjacent to or slightly
distal to the diverticulum. Typically, the bleeding, which can
be brisk, consists of dark red or maroon blood but melena is
also possible.

Small bowel obstruction is the second most common pre-
sentation of a child born with Meckel’s diverticulum [27].
There are five sources of obstruction. (1) A Meckel’s divertic-
ulum may be the lead point for ileocolic intussusception. In
fact, Meckel’s diverticulum is the most common anatomic
lead point for such intussusception and may lead to recurrent
obstruction following successful hydrostatic reduction. (2)
Prolapse of the diverticulum through a persistent
omphalomesenteric effect may result in complete intestinal
obstruction. (3) Volvulus may occur involving the associated
ileum around a persistent fibrous band emanating from the tip
of the diverticulum and ending at the umbilicus, following the
path of the omphalomesenteric duct. (4) A loop of small

Fig. 2 Meckel’s diverticulum. Reprinted by permission from Batool, A,
Gastrointestinal bleeding, in Coppola, CP, Kennedy, AP, and Scorpio, RJ,
Pediatric surgery: Diagnosis and treatment, p. 270 (Fig. 1), Copyright
2014, Springer International Publishing.
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intestine may become involved within an internal hernia pro-
duced by an aberrant right vitelline artery or fibrous band
arising from the associated mesentery. (5) Lastly, a Meckel’s
diverticulummay become incarcerated within an inguinal her-
nia (Littre’s hernia). All of these entities require prompt diag-
nosis and surgical repair including resection of the diverticu-
lum and possibly the associated small intestine should there be
vascular compromise. Meckel’s diverticulitis can also perfo-
rate resulting in peritonitis and may mimic an acute appendi-
citis. Children with trisomy 18 are at higher risk for this [28].

The diagnostic approach depends on the presenting symp-
toms. For the patient presenting with bleeding, the most sen-
sitive test to diagnose a Meckel’s diverticulum is a
technetium-99 m pertechnetate scintigraphy, Meckel’s scan.
This test has an 85 to 95 % sensitivity and specificity in chil-
dren [29]. The sensitivity and specificity appear to be lower in
adults [30]. Technetium-99 m pertechnetate is administered
intravenously and serial abdominal images are obtained using
a gamma camera over 60 min. Parietal cells of the gastric
mucosa take up technetium-99 m pertechnetate, revealing ec-
topic gastric mucosa in the right lower quadrant. There is
excretion of technetium-99 m pertechnetate by the kidneys
resulting in ureters and bladder being visualized as well.
Administration of histamine-2 receptor antagonists increases
the uptake and retention of the pertechnetate by the gastric
mucosa enhancing the detection of a Meckel’s diverticulum
[31, 32]. This pharmacologic enhancement may be beneficial
for patients with an initial negative scan with a high index of
clinical suspicion. False positive results have been noted in
patients with intussusception, hydronephrosis, arteriovenous
malformation, inflammatory bowel disease, and intestinal du-
plication due to heterotopic gastric mucosa. False-negative
scans can be due to suboptimal examination technique, im-
paired blood supply to the bowel, or insufficient mass of ec-
topic gastric tissue to take up the isotope. Patients with a
Meckel’s who do not have ectopic gastric mucosa will have
a negative scan.

Additional alternatives to investigate gastrointestinal bleed-
ing include capsule endoscopy and double balloon
enteroscopy. Capsule endoscopy has identified a Meckel’s in
patients with unexplained gastrointestinal bleeding [33, 34],
although one case did report retention of the capsule with co-
occurring enteroliths [35]. Retrograde (per rectum) and pro-
grade (per os) double balloon enteroscopy have been de-
scribed as a means of visualizing a Meckel’s diverticulum in
patients with gastrointestinal bleeding. In addition, this has
also aided in therapy [36, 37]. Double balloon enteroscopy
has been demonstrated to be relatively safe in the hands of
experienced professionals and can be considered if other di-
agnostic procedures have failed to reveal a suspectedMeckel’s
[38]. A retrospective study found diagnostic yield for double
balloon enteroscopy to be significantly greater than capsule
endoscopy [39]. Arteriography can be utilized to identify the

source of bleeding if the Meckel’s scan is negative but it re-
quires fairly brisk bleeding, 1 ml/min. The upper GI and small
bowel follow through series is typically not very helpful in this
situation. Finally, in the setting of a negative work up and a
high clinical suspicion, some patients may be considered for a
diagnostic laparoscopy given that this is minimally invasive
and safe in the hands of an experienced pediatric surgeon. In
those presenting with obstructive symptoms, conventional ra-
diographic approach is undertaken.

Once a symptomatic Meckel’s diverticulum has been iden-
tified, the standard of care is laparoscopic removal to prevent
further bleeding episodes. Conventional laparoscopy is often
used, but reports of single-incision laparoscopic surgery are
emerging [40]. If a Meckel’s is found incidentally, the man-
agement is controversial. In asymptomatic patients where it is
noted radiographically, manywould recommend close follow-
up without surgical intervention [41]. If there is discovery of
an incidental Meckel’s during an operative procedure for an-
other condition, some would recommend its removal due to
low risk of complications and future risk of complications
[42]. Others, however, recommend leaving it in [43]. The
macroscopic appearance of a Meckel’s does not indicate if
heterotopic gastric mucosa is present or not and thus does
not aid in the decision to remove it [44].

Duodenal Web

Duodenal webs occur when there is incomplete bowel lumen
recanalization during the 8th to 10th week of gestation. This
results in a thin web of themucosa and submucosa layers, with
the muscular layer being absent, causing some degree of ob-
struction [45]. The web is located in the second portion of the
duodenum 85–90 % of the time [46]. Much less frequently,
they are located in the third or fourth portion of the duodenum
[47]. The incidence of duodenal web is estimated to be 1 in 10,
000 to 1 in 40,000 live births [48]. Duodenal webs are most
often congenital, however is has been described that they may
be a rare complication of long-term non-steroidal anti-
inflammatory use [49, 50]. Duodenal webs are frequently as-
sociated with other congenital anomalies including Down’s
syndrome, malrotation, congenital heart disease, and annular
pancreas [45, 51].

Duodenal webs can present prenatally with growth failure
and/or polyhydramnios. Most other cases present in infancy
with vomiting, which can be bilious, food refusal, and/or fail-
ure to thrive [52]. Additionally, duodenal web has been report-
ed as causing upper GI bleeding in infants [53, 54]. Webs are
not exclusive to children as they can also present at older ages
[51, 52, 55, 56].

Duodenal webs are often more difficult to diagnose than
atresias due to the obstruction being partial. The diagnosis of a
duodenal web can be considered prenatally by noting
polyhydramnios and a dilated stomach on ultrasound. A plain
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abdominal radiograph may be normal or it could reveal a
double bubble from a dilated proximal duodenum and stom-
ach. An upper GI series may reveal the classic windsock sign.
This consists of a thin radiolucent line spanning across the
duodenal lumen with a dilated proximal duodenum that grad-
ually tapers prior too ending abruptly further down the duo-
denum mimicking a windsock [47, 57].

Therapeutic options are duodenoduodenostomy or
duodenotomy with excision/lysis of the web. In cases where
there is an enlarged proximal duodenum (duodenal diameter
greater than or equal to 5 cm), imbrications (the operative
overlapping of layers of tissue in the closure of wounds or
the repair of defects) or tapering duodenoplasty may be re-
quired [58]. During any attempt at resection of a duodenal
web, care should be given to identify the ampulla of Vater as
it may be injured due to its proximity to the obstructing web.
In most cases, the web is located at or just distal to the ampul-
la. The ampulla may be identified by gentle compression of
the gallbladder while viewing within the medial wall of the
duodenal lumen for expression of bile. Surgery can be per-
formed as an open procedure or laparoscopically. Some have
noted that either approach was equally effective with no sig-
nificant differences in outcome [59]. Some have noted that the
laparoscopic approach was associated with a shorter length of
stay and more rapid advancement to full feeding [60], while

others felt that the open procedure was preferable [61].
Ultimately larger studies are needed to provide better evi-
dence.More recently, there are reports of advanced endoscopy
utilizing a number of techniques to treat duodenal webs [48,
51, 62–68]. To date, there have not been any studies published
comparing surgical verses endoscopic approaches. Both ap-
proaches are associated with complications, including bleed-
ing and pancreatitis, while endoscopic approaches may be
associated with incomplete obliteration of the web [63]. For
patients that have prolonged duodenal ileus, there may be a
benefit to using TPN or a trans-anastomotic tube for enteral
nutrition [58]. If malrotation is present, a Ladd procedure
should be performed. Long-term prognosis is very good and
is primarily dependent on any associated congenital anomalies
[69].

Duodenal Atresia

Duodenal atresia has a reported incidence of approximately 1
in 5000 to 10,000 live births [3, 4], with the most recent data at
0.9 per 10,000 [70]. There are four major types of duodenal
atresia [71] (Fig. 3). Type 1 is complete mucosal membrane or
diaphragm with the muscularis and serosa remaining intact
such that there is no discontinuity of the bowel. Type 2 con-
sists of a fibrous cord connecting the two segments of

Fig. 3 Types of duodenal atresia.
Reprinted by permission from
Coppola, CP, BDuodenal atresia,^
in Coppola, CP, Kennedy, AP, and
Scorpio, RJ, Pediatric surgery:
Diagnosis and treatment, p. 142
(Fig. 1), Copyright 2014,
Springer International Publishing.
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duodenum that are discontinuous. This differs from type 3
where there is no fibrous connection between the proximal
and distal segments of duodenum. Type 4 consists of several
atretic segments such that it appears like a string of sausages.
Duodenal atresia results from failure of recanalization of the
duodenum after the seventh week of gestation, perhaps from
an ischemic event or genetic factors may also play a role [72].
Duodenal atresia, unlike other intestinal atresias, is commonly
associated with other congenital anomalies such as Down’s
syndrome, which is present in 25–40 % of cases [73]. Other
associated anomalies include VATER (vertebral defects, anal
anomalies, esophageal atresia, and renal abnormalities),
malrotation, annular pancreas, biliary tract abnormalities, car-
diac, and mandibulofacial anomalies [70].

The initial manifestation of duodenal atresia or other intes-
tinal atresia could be polyhydramnios due to the infant’s in-
ability to swallow and absorb the amniotic fluid. About half of
infants with duodenal atresia will have polyhydramnios [74].
The postnatal presentation is typically within the first day or
two of life with obstructive symptoms, such as persistent eme-
sis, bilious emesis, gastric distention, and/or feeding difficul-
ties [72]. The physical examination differs from jejunal or ileal
atresia in that the abdomen is typically not distended due to the
proximal obstruction in duodenal atresia.

Perinatal ultrasound may be the first diagnostic test in the
evaluation of duodenal atresia. One should consider intestinal
atresia in an infant with maternal polyhydramnios since about
15 % of infants with this will have gastrointestinal tract ab-
normalities [75] and up to 80 % of duodenal atresia cases will
have polyhydramnios [3]. Other ultrasonic findings may in-
clude a Bdouble bubble^ that is the classic finding on a plain
radiograph of the abdomen due to dilated proximal duodenum
and stomach associated with lack of bowel gas in the distal
intestine [76]. If the double bubble sign is noted, most feel that
no other radiographic studies are required. Administration of
contrast into the upper GI tract could lead to aspiration. Due to
the fact that the double bubble sign can also occur with
malrotation, some authors recommend performing a contrast
enema to look for a microcolon of disuse as would be found in
one with intestinal atresia [77] versus a malpositioned colon
and cecum as may be present in malrotation [78].

Once duodenal atresia is identified, a naso- or orogastric
tube should be placed to decompress the stomach and mini-
mize aspiration along with routine supportive management
such as intravenous fluids. Once clinically stable, the patient
needs surgical repair via laparotomy or laparoscopy. Options
for surgical therapy include a side-to-side or end-to-side
duodenoduodenostomy or duodenojejunostomy. Prior
performing the anastomosis, a small rubber catheter should
be passed distally to investigate for any additional
intraluminal obstruction [58]. As with duodenal web, there
is some controversy regarding performing surgery as an open
procedure or laparoscopically [59–61, 79]. One review

concluded duodenal atresia should only undergo laparoscopic
repair at designated centers of expertise [80]. Delayed transi-
tion to full enteral nutrition is more likely to occur in patients
with co-morbid congenital heart disease or malrotation and
prematurity [81]; however, the majority of these cases were
repaired via laparotomy. Intraoperatively, it is important to
exclude any associated malrotation, other small bowel atresia,
or annular pancreas.

Long-term prognosis for duodenal atresia is very goodwith
survival rates approximately 90 % [69]. The major causes of
morbidity and mortality from duodenal atresia are related to
associated anomalies and ultra-short bowel syndrome requir-
ing long-term total parenteral nutrition [82]. Infants with a
birth weight of less than 2 kg are also at higher risk of mor-
tality [83].

Duodenal stenosis is less frequent than duodenal atresia
and can present later in life due to only a partial obstruction
and may be found on endoscopy for work up of persistent
vomiting, failure to thrive, or hematemesis [84].

Jejunoileal Atresia

Jejunoileal atresias are discussed separately from duodenal
atresia due to differences in etiology, associated anomalies,
as well as treatment and outcome. Jejunoileal atresias occur
as a result of an ischemic insult during pregnancy [85]. The
ischemic insult can be due to intussusception, perforation,
volvulus, intestinal strangulation via a hernia, or thromboem-
bolism. Maternal smoking and cocaine use have been associ-
ated with intestinal atresia [86]. There is an estimated inci-
dence of approximately 1 to 3 per 10,000 live births [70].
This disorder affects both sexes equally. Jejunoileal atresias
are equally distributed between the jejunum and ileum.
Associated congenital anomalies are less common with
jejunoileal atresia than duodenal atresia. The most common
associated conditions are cystic fibrosis, malrotation, and
gastroschisis, all of which are present in about 10 % of cases
[82]. Intestinal atresia is associated with low birth weight and
multiparity.

There is a rare disorder of multiple intestinal atresias that
can occur anywhere in the gastrointestinal tract and is almost
always fatal [87]. Hereditary multiple intestinal atresia
(HMIA) is an autosomal recessive disorder that consists of
multiple atretic segments that occurs most commonly in
French Canadians and may be associated with combined im-
mune deficiency. This is due to mutations of tetratricopeptide
repeat domain–7A (TTC7A) gene. The TTC7A protein is im-
portant for the development and function of the thymus and
intestinal epithelium [88]. This mutation has also been asso-
ciated with very early onset inflammatory bowel disease [89].

There are four types of intestinal atresia based on the ana-
tomic characteristics [71] (Fig. 4). Type I is an intraluminal
web consisting of mucosa and submucosa with continuity of
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the proximal and distal muscular layers without a mesenteric
defect. Type II atresia is when the bowel is discontinuous but
without a mesenteric defect. Type III has two subtypes. In
Type III A, the bowel is discontinuous and there is also a
mesenteric defect. Type III B has discontinuous bowel but
with an extensive mesenteric defect with the bowel wrapped
around a single artery such that it looks like a Christmas tree or
apple peel (Fig. 5). Type IV consists of multiple atretic seg-
ments that appear like a string of sausage.

The typical presentation is an infant in the first 1–2 days of
life with bilious vomiting, a history of maternal polyhydramnios,
and abdominal distention depending on the level of atresia with
more distal lesions having more distention. The infant may also
have feeding difficulties and hyperbilirubinemia. With more dis-
tal lesions, there may be failure to pass meconium. Infants with
more proximal lesionsmay passmeconiumdue to the generation
of succus entericus.

The diagnosis of jejunoileal atresia may be detected by
prenatal ultrasound. Findings suggestive of atresia include di-
lated, echogenic bowel and maternal polyhydramnios that is
seen in about one third of cases [90]. These findings, however,
have a poor predictive value for bowel abnormalities and

when questionable, fetal magnetic resonance imaging can be
considered [90]. Postnatally, the first step in the work up is a
plain abdominal radiograph that often reveals multiple dilated
loops of intestine with air fluid levels and at times a triple
bubble sign; dilated stomach, duodenum, and proximal

Fig. 4 Types of intestinal atresia.
Reprinted by permission from
Coppola, CP, BIntestinal atresia,^
in Coppola, CP, Kennedy, AP, and
Scorpio, RJ, Pediatric surgery:
Diagnosis and treatment, p. 148
(Fig. 1), Copyright 2014,
Springer International Publishing.

Fig. 5 Type III(b) Jejunal atresia with associated Bapple peel^ or
BChristmas tree^ deformity of the mesentery. Note the single vessel
within the center of the coils of bowel responsible for perfusion of the
distal intestinal segment.
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jejunum [91]. Peritoneal calcifications suggest the presence of
meconium peritonitis, which is a sign of intrauterine intestinal
perforation and can be seen in about 12 % of cases [90]. The
presence of meconium peritonitis should raise suspicion of a
meconium ileus and cystic fibrosis. The obstructive findings
noted above can also be seen in other disorders such as
Hirschsprung’s disease. A barium enema may help to distin-
guish atresia from other obstructive disorders. Infants with
jejunoileal atresia typically have a microcolon. If meconium
ileus is present, one may consider meglumine diatrizoate
(Gastrografin) enema that is hypertonic and can help evacuate
the meconium and well as make a diagnosis.

Once diagnosed, surgical therapy should be undertaken
expeditiously. Pre-operatively, the neonate needs to be stabi-
lized and have fluid and electrolyte abnormalities corrected. A
nasogastric tube should be placed to decompress the stomach
and minimize aspiration. Broad-spectrum antibiotics are indi-
cated to help decrease risk of infection which is a major cause
of mortality. Surgery can be done via an open approach or
laparoscopically, but the latter can be challenging [92, 93].
Intraoperatively, the entire bowel is closely examined for sites
of obstruction and the presence of other atresias. It is also
important to assess patency of the colon either by pre-
operative contrast study or intraoperative irrigation of the dis-
tal atretic limb. If malrotation or gastroschisis is present, it
must also be corrected.

Post-operative mortality is related to prematurity, associat-
ed anomalies, infection, and short gut syndrome. Post-
operative complications include anastomotic leak, stenosis at
the site of anastomosis, and short gut syndrome. Additionally,
these patients may have oral feeding intolerance, which is
more likely if any of the following are present: meconium
peritonitis, luminal discrepancy, number of anastomoses, pres-
ence of immature ganglion, and short bowel syndrome [94].
The complexity of jejunoileal atresia (based on Grosfeld’s
classification), when there are not any other congenital
malformations, is not associated with a worse prognosis in
terms of initiation of enteral nutrition, post-operative compli-
cations, duration of post-operative TPN, and percentage of
short bowel syndrome [95].

The prognosis for infants with jejunoileal atresia is very
good with over 90 % survival [82]. The prognosis for those
with short gut syndrome is dependent on the length of the
remaining small bowel, the presence of the ileocecal valve,
and the dependence on long-term parenteral nutrition [96].
Wilmore, in 1972, published data on prognosis of short gut
syndrome in infants [97]. Those with greater than 40 cm of
small bowel had a 95 % survival rate. This decreased to 50 %
in those with 15–40 cm and an intact ileocecal valve. Those
with less than 40 cm and no ileocecal valve and those with less
than 15 cm with the ileocecal valve did not survive. Things
have improved since then due to newer surgical techniques
including bowel lengthening procedures (STEP procedure),

improved medical care, and the ability to perform small bowel
transplantation [98]. There are case reports of infants surviv-
ing with only 10 cm [99]. For those with short bowel syn-
drome, the overall prognosis is that 47 % will get off of TPN,
26 % will have a small bowel transplant, and 27 % will not
survive [100].

Small Bowel Duplications

Gastrointestinal duplications are rare, estimated to occur in 1
per 100,000 births [101]. Calder is given credit for the first
report of intestinal duplications in 1733. These were known by
a number of terms such as giant diverticuli, enteric cysts,
intestinal duplex, and Bunusual Meckel’s diverticulum^ until
Ladd popularized the term intestinal duplication in 1930s
[102]. Males appear to be more commonly affected, 60–
80 % of cases, and about one third have associated congenital
anomalies [103, 104]. It is estimated that 2 to 12 % are found
in the duodenum, about 44 % in the ileum, and about 50 % in
the jejunum [105•]. Multiple duplications are noted in 15–
20 % of cases.

The etiology of duplications is unknown [106]. Theories
include abnormalities in recanalization, a vascular insult, per-
sistence of embryonic diverticuli, and partial twining.
Duplications can be cystic or tubular depending on their
length [107]. They consist of an epithelial lining from some
portion of the GI track and a smooth muscle wall that are
located on the mesenteric side of the intestine. Most duplica-
tions do not communicate with the adjacent bowel [104].

Duplications can present at any age; however, 60–80 %
present in the first 2 years of life [103, 108, 109]. The presen-
tation depends on the size and the epithelial type of the dupli-
cation. Small cystic duplications can be the lead point of an
intussusception. Larger tubular duplications can accumulate se-
cretions, dilate and cause obstructive type symptoms. Those
that are lined with gastric epithelium will secrete acid which
can result in ulceration and present with GI bleeding or if it
perforates with an acute abdomen. Other modes of presentation
include chronic abdominal pain, nausea and vomiting, jaundice,
pancreatitis, and as an abdominal mass [107, 110, 111].

Small bowel duplications may be detected prenatally by
ultrasound [104, 112–114]. Ultrasound is commonly used as
part of the evaluation of an acute abdomen or a mass and may
detect a duplication. Enteric duplications on ultrasonography
often have an inner hyperechoic rimwith an outer surrounding
hypoechoic layer (Bdouble-wall^ sign) along with peristalsis
being present [112]. Other diagnostic imaging considerations
include CT scan, MRI, contrast studies, and radionuclide
scans [105•, 109, 115]. Contrast studies can be helpful in those
cases where there is communication of the duplication with
the native GI track or by demonstrating a mass effect.
Technetium-99 m pertechnetate scanning can be useful in
those duplications containing ectopic gastric mucosa, but this
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is the case in only 15–25 % of cases [107]. Endoscopic ultra-
sound has been usedmore recently to diagnose duplications in
the upper GI tract including the duodenum [105•]. Many du-
plications are detected incidentally during surgery for another
reason.

Treatment for duplication, in general, is excision of the
lesion to avoid or correct complications including bleeding,
volvulus, intestinal necrosis, and cancer development [107,
116]. The adjacent normal bowel is frequently removed as
well due to both structures having a common blood supply.
The surgery can be performed via open or laparoscopic ap-
proach [112]. Duplications near the ampulla of Vater pose a
challenge and may not be able to be removed. Those that
cannot be excised should be drained and the mucosa stripped.
The cyst may then be drained into the adjacent intestine to
prevent recurrent collection of fluid. For proximal lesions, an
endoscopic approach can be considered when a skilled ad-
vanced endoscopist is available [110, 111]. For lesions with
gastric mucosa that cannot be removed, one can use acid sup-
pressants to minimize GI bleeding. In cases of enteric dupli-
cations being detected prenatally, prenatal surgery is not re-
quired; however, serial ultrasound surveillance is recommend-
ed to monitor size [104].

Conclusions

Congenital anomalies of the small bowel are varied in type,
but other than a Meckel’s diverticulum, the major presenting
manifestation of these is that of obstruction. Some, such as
malrotation and duplications, may present as abdominal pain
and vomiting. Meckel’s diverticulum typically presents as
painless gastrointestinal bleeding. Duplications can also pres-
ent as gastrointestinal bleeding or as a mass. These anomalies
present most commonly early on in life but they may not
present until adulthood. Radiographic studies are the mainstay
in the diagnosis of congenital anomalies of the small intestine.
Upon making the diagnosis of a congenital anomaly of the
small intestine, one also needs to assess them for the presence
of another associated disorder since about a third of cases will
have an associated anomaly. Once diagnosed, operative ther-
apy is required for congenital anomalies of the small intestine.
The overall prognosis of these disorders is very good due to
improved medical and surgical therapies.
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