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Abstract

The ileal loops are anatomical location for the majority of congenital anomalies affecting the gastrointestinal tract. These
include Meckel’s diverticulum, ileal duplication, dysgenesis, atresia, mucosal diaphragm, and malposition of the ileum.
Symptomatic lesions that often present with abdominal pain, intestinal obstruction or bleeding are usually diagnosed and
treated during infancy and childhood. However, many of these congenital conditions may remain clinically silent and detected
incidentally in adults undergoing radiological evaluation for unrelated medical reasons. This article presents the spectrum

of the congenital ileal anomalies and their distinct features on small bowel examination and CT of the abdomen.

Keywords Congenital intestinal anomalies - Meckel’s diverticulum - Ileal duplication - Ileal dysgenesis - Atresia and

malposition - Radiographic and CT features

Introduction

The small intestine of human adult measures 20-30 feet in
length at autopsy, but it is somewhat shorter in the living
body due to constant smooth muscle tone and peristaltic
contractions [1, 2]. The distal half of small bowel forms
the ileal loops which are involved in the final resorption of
nutrients, bile acids and vitamin B12. The ileum is also a
unique location where most of congenital gastrointestinal
anomalies occur and present with distinct radiological fea-
tures [3, 4]. Some of them like Meckel’s diverticulum have
an embryological etiology related to incomplete obliteration
of omphalomesenteric duct in developing fetus. Others have
either idiopathic nature or caused by mesenteric vascular
ischemia during the fetal life, as postulated in cases of ileal
atresia, duplication, and dysgenesis [3—7]. While many of
these lesions involve the middle part of ileal loops, the most
distal segment or terminal ileum that harbors submucosal
lymphoid follicles in Peyer’s patches is the predominant site
of inflammatory conditions (Crohn’s disease, tuberculosis)
or neoplastic processes (lymphoma, carcinoid) [8].
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Most congenital lesions of the ileum are diagnosed and
treated in newborn infants and children. However, delayed
clinical manifestation and radiological detection of these
lesions in adults are also common occurrence [3, 4, 7]. The
purpose of this article is to present the imaging features of
various congenital anomalies of the ileum that are first rec-
ognized in adulthood, and to review the literature about their
pathogenesis and clinical implications.

Meckel’s Diverticulum

Meckel’s diverticulum is the most common congenital
anomaly of the ileum and occurs in 2-3% of general popu-
lation. It is the vestigial remnant of vitelline or omphalomes-
enteric duct, which connects the yolk sac to the midgut and
normally obliterates during the 7th or 8th weeks of gestation.
However, the proximal part of its attachment may persist as
a saccular outpouching on the antimesenteric border of the
ileum [3, 5].

The diverticular wall is composed of all three layers of
intestine, but often harbors islands of heterotopic gastric
epithelium or pancreatic tissue. Their glandular secretions
can cause peptic ulceration, hemorrhage, cicatricial stenosis,
inflammation, and perforation [3, 9, 10].

The often-quoted description of Meckel’s diverticulum by
the rule of 2’s refers to its 2% incidence among the popula-
tion, 2 feet distance from the ileocecal valve, most being 2
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inches long, 2% symptomatic usually by age of 2 years, 2:1
male to female ratio, and harboring 2 types of heterotopic
mucosa in 1 of 2 cases [3, 4, 10]. It should be noted that this
rule applies primarily to the pediatric age group. Adults have
much longer small bowel than children and their Meckel’s
diverticulum can be 3—4 feet proximal to the ileocecal valve,
and much larger in size to over 4 inches (10 cm) in diameter
to be called giant Meckel’s diverticulum [11-13]. They con-
tain heterotopic gastric mucosa in 40-60% and pancreatic
or other tissues in up to 10% of cases. This may account for
the variety of primary neoplasms that can originate within
a Meckel’s diverticulum in 3.2% of cases. These include
carcinoid as the most common diverticular malignancy in
33%-44% of reported cases, followed by leiomyosarcoma
in 18%-25%, adenocarcinoma in 12%-16% and gastrointes-
tinal stromal tumor [14, 15]. Nevertheless, most Meckel’s
diverticula in adults are asymptomatic and incidental find-
ing at surgery or imaging studies performed for unrelated
conditions [3, 4, 10].

A Meckel’s diverticulum can be suspected on abdomi-
nal radiograph by the presence of a persistent gas collec-
tion within a saccular structure in the right lower abdo-
men, particularly if it also contains enteroliths or foreign

Fig. 1 Radiographic appearance
of Meckel’s diverticulum in 2
adult patients. a Small bowel
examination shows a barium-
filled 4 X 6 cm diverticulum
attached to the ileum(arrows). b
Barium enema with retrograde
flow into the ileum demon-
strates a Meckel’s diverticulum
as a 3 cm saccular outpouching
from the antimesenteric wall of
distal ileum (arrows)

bodies. A more reliable method of diagnosis is the actual
opacification of it by small bowel examination or reflux
into the ileum during barium enema study (Fig. 1a, b).
About 80% of 118 Meckel’s diverticula in adults reported
by Clark and associates had been detected by radiography
or scintigraphy, and 20% by CT [3].

In the past four decades CT has become the princi-
pal modality for demonstrating Meckel’s diverticulum.
The lesion can be visualized on CT examinations of the
abdomen that are performed with or without oral contrast
administration. The typical finding is a round or ovoid
saccular structure containing gas or fluid and attached to
the antimesenteric wall of the ileum (Fig. 2a—c). On imag-
ing studies, therefore, the Meckel’s diverticula will always
face away from the center of the abdomen where the root
of mesentery runs obliquely from duodenojejunal flexure
to the ileocecal region [3, 9, 10, 16].

There have been isolated reports about the diagnosis of
Meckel’s diverticulum by ultrasonography or MRI [3, 10,
17]. About 50% of symptomatic Meckel’s diverticula har-
bor heterotopic gastric mucosa, which can be detected by
Tc-99 m pertechnetate scintigraphy. However, the radionu-
clide Meckel’s scan can also be positive if ileal duplication
cyst or dysgenesis contain heterotopic gastric tissue [18].

Fig.2 CT images of Meckel’s diverticulum in 3 patients. a Presenting as a fluid-filled pocket attached to the distal ileum (arrow). b Containing
enteroliths within its lumen (arrow). ¢ Opacified with oral contrast on CT image of the pelvic region (arrow)
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lleal duplication

Gastrointestinal duplication is a rare congenital anomaly that
occurs in about one of every 10,000 newborn infants. It can
be located in any part of the alimentary tract, but the distal
ileum is the most common site of it. The underlying patho-
genesis is proposed to be the persistence of embryonic gut
diverticula or defective recanalization of the primitive gut
lumen [4, 19, 20].

Ileal duplications are characterized by their typical loca-
tion on the mesenteric side of the intestinal wall and com-
posed of the same muscular and mucosal layers of adjoining
segment. However, about a third of the resected ileal dupli-
cations also contain gastric epithelium or other heterotopic
tissues [4, 19, 21].

Most ileal duplication present before the age of 2 years
as an acute abdomen or bowel obstruction, but the rest may
remain asymptomatic until adulthood and diagnosed as an
incidental finding during laparotomy or imaging studies [22,
23]. About 80% of ileal duplication have a cystic configura-
tion and contain clear fluid from mucosal secretion. Oth-
ers have a tubular shape and often communicate with the

Fig.3 Radiographs of ileal duplications in 2 different patients. a
Image from an enteroclysis study reveals a blind-ending tubular
duplication connected to the mesenteric side of distal ileum (arrows).
b Small bowel series in this woman showed a large saccular lesion

Fig.4 CT appearance of a
cystic ileal duplication. a, b
Axial and coronal sections of
the abdomen demonstrate a
round soft tissue mass with
enhancing walls in the mes-
enteric border of distal ileum
(arrow).

@ Springer

lumen of attached intestine. These are visualized on small
bowel examination as a blind-ending tubular outpouching on
the mesenteric aspect of distal ileum (Fig. 3a). They can be
very large and attached as an elongated structure in the ileal
wall. Matsumoto et al. recently reported a 60-year-old man
in whom the ileal duplication appeared on CT and resected
specimen as a tortuous tubular lesion measuring 18 cm long
and 7 cm in diameter [24].

There have been isolated case reports of coexisting ileal
duplication and Meckel’s diverticulum [18, 19]. They can be
located separately or involve the opposite walls of the same
segment (Fig. 3b). A communicating tubular duplication can
mimic the Meckel’s diverticulum because of their similar
radiographic and pathologic features. Therefore, their differ-
entiation depends upon anatomical relation to the intestinal
mesentery [25, 26].

Several authors have presented the appearance of ileal
duplication on CT or MRI of patients with abdominal pain
and distention [23, 24]. A cystic ileal duplication with
ectopic gastric mucosa causing inflammation or ulceration
can be seen as a mass with enhancing walls on CT of the
abdomen (Fig. 4).

in mid-ileum. The pathological evaluation of resected segment con-
firmed that the lobulated part was a Meckel’s diverticulum (small
arrows), but the finger-like outpouching on the mesenteric side was a
duplication (large arrow)
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It has been advocated that even an incidentally diagnosed
ileal duplication should also be resected to prevent poten-
tial complications such as perforation, enteric bleeding,
and bowel obstruction due to volvulus or intussusception
[19-21]. Furthermore, there have been rare instances of
malignant transformation and development of adenocarci-
noma or gastrointestinal stromal tumor within ileal duplica-
tions [27, 28].

Dysgenesis of the ileum

Ileal dysgenesis or aneurysmal dilatation is a rare congenital
anomaly, and about 50 cases have been reported in children
and adults [7, 29]. It usually involves a 5-25 cm segment that
can be dilated up to 10-15 cm wide along the long axis of
the ileum. The underlying cause of it is the localized absence
or dysfunction of the myenteric plexus which provides motor
innervation to the muscular layers of the gut. Therefore, the
affected segment cannot contract and becomes passively dis-
tended due to stasis of intestinal content. This aperistaltic
part of the ileum will also act as a barrier to the propagation
of peristalsis, causing distention of the proximal loops of
small bowel. Therefore, these patients will usually present

Fig.5 Radiographic appearance
of ileal dysgenesis in 2 patients.
a An image obtained during
enteroclysis shows aneurysmal
dilatation of a proximal ileal
segment (arrows). b Small
bowel examination demon-
strates a well-demarcated 8 cm
long part of the ileum that is
dilated to 5 cm in diameter
(arrow)

with intermittent obstructive symptoms and undergo radio-
logical studies to reveal the cause of it [7, 29-31].

The typical abnormality seen on small bowel examination
is a dilated segment of the ileum that is well-demarcated
and in direct continuity with the lumen (Fig. 5a, b). Similar
findings on barium studies had been reported in 3 patients
by Usselman et al. [31], and in a series of 9 cases by Javors
and associates [7]. There have been only few documented
cases on CT or MRI [30], but the distinct appearance of the
lesion on abdominal CT provides an important clue to the
diagnosis (Fig. 6).

Ileal dysgenesis may occur in coexistence with Meck-
el’s diverticulum or duplication cyst [30]. It may also con-
tain heterotopic gastric mucosa causing peptic ulceration
and bleeding. These features as well as the occurrence in
children support the concept about the congenital nature of
this anomaly and its possible relation to the omphalomes-
enteric obliteration during embryological development [7,
29-31].

This condition should be distinguished from aneurysmal
dilatation of the ileum due to lymphoma or pre-stenotic dila-
tation in Crohn’s disease, which are usually associated with
marked thickening of the intestinal wall in contrast to its
normal appearance in the ileal dysgenesis [7, 31-33].

Fig.6 CT of the abdomen in a man with ileal dysgenesis. a—c¢ Axial, coronal and sagittal images reveal a dilated 12 cm long segment of distal

ileum with stasis of intestinal content in its lumen (arrow)
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Fig.7 Congenital stenosis and mucosal diaphragm in 2 cases. a
Small bowel examination of this young woman disclosed a markedly
reduced caliber of the ileal loops. This micro-ileum was delayed con-
sequence of a short proximal stenosis (arrow), which had interfered
with the flow of intestinal content and normal development of the

Another differential diagnostic consideration would be an
entity called segmental absence of the intestinal musculature
(SAIM) [34-36]. This condition involves partial or complete
absence of muscularis propria, causing marked thinning of
the bowel wall. It is manifested by intestinal obstruction or
perforation in neonates and children, but also occasionally
in adults. It has been postulated that SAIM may result from
dysplasia of intestinal muscle layer in embryo or transient
bowel ischemia in premature infants. Some authors suspect
that the frequent proximity of the affected segment to the site
of Meckel’s diverticula would indicate that this malforma-
tion may be caused by localized resorption of ileal muscle
during regression of the omphalomesenteric duct [34-36].

lleal atresia, stenosis, and intraluminal
diaphragm

Intestinal atresia occurs in 1 of every 5—14 thousand live
births and the ileum is the site of it in 30% of cases [6, 37].
The underlying pathogenesis is mesenteric vascular ischemia
in utero, whereas the esophageal and duodenal atresia is due
to failed recanalization of the primitive foregut [38, 39].

In total atresia the blind-ending ileum will lead to marked
distention of the proximal intestinal loops that can be recog-
nized on prenatal sonography [40]. Abdominal radiographs
obtained after birth reveal small bowel obstruction or perfo-
ration, prompting surgical treatment. In partial ileal atresia
classified as type 1, there is only narrowing of the lumen due
to focal stenosis or a mucosal diaphragm with open foramen.
Therefore, the clinical and radiological manifestations of
bowel obstruction will be less pronounced, and the diagnosis
may be delayed until adulthood [37-39, 41].

@ Springer

ileum. b CT of the abdomen in this man showed small bowel obstruc-
tion due to a mucosal diaphragm in distal ileum(arrow). Laparotomy
revealed that the diaphragm’s orifice had been blocked by an ingested
bag of Heroin

When an stenotic segment is in the jejunum or proxi-
mal ileum, it would slow the passage of intestinal content
and interfere with natural growth and development of the
ileal loops. This can result in their diminished caliber over
a prolonged time and the appearance of micro-ileum on
small bowel examination (Fig. 7a). This condition is rarely
encountered in adults who may develop an atrophic micro-
ileum after a proximal ileostomy but is very similar to micr-
ocolon seen in infants with intestinal atresia or meconium
plug syndrome [42, 43].

Another manifestation of a partial ileal atresia is the
occurrence of intraluminal mucosal diaphragm with central
aperture [41, 44]. This lesion closely resembles the radio-
graphic and pathologic appearance of mucosal diaphragms
found in the gastric antrum or duodenum [45, 46]. If the
orifice of an ileal diaphragm is larger than 1 cm in diameter,
it may not hinder the passage of intestinal content. However,
blockage of this foramen by undigested food particles, raw
vegetables or ingested foreign objects can cause an acute
onset of small bowel obstruction (Fig. 7b).

The congenital diaphragm of the ileum has been
encountered in both children and adults [41, 44, 47] Wang
and associates have reported 5 patients with ileal dia-
phragms, whose mean age was 41.6 years at the time of
diagnosis, and they had experienced intermittent intesti-
nal symptoms for 2—16 years. Their ileal diaphragms were
demonstrated by CT enterography and enteroscopy prior
to surgical resection [47]. This anomaly should be dif-
ferentiated from acquired lesions in intestinal membrane
disease, whereby intraluminal mucosal diaphragms are
caused by long-term use of nonsteroidal anti-inflamma-
tory drugs [48, 49].
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Fig.8 Congenital malposition
of the ileum in left paraduode-
nal hernia. a Post evacuation
radiograph of barium enema
study shows the distal ileum
extending across the abdomen
(white arrows) and other ileal
loops are encapsulated within
the fossa of Landzert (Black
arrow). b Coronal CT image
of another patient shows the
entrapped ileal loops in the left
upper abdomen (arrows)

paraduodenal hernia, the ileal loops may be encapsulated
within the fossa of Landzert, a peritonal pocket in the left
upper abdomen (Fig. 8a, b). The left paraduodenal hernia is
the most common site of internal herniation and accounts
for 53% of these congenital conditions [51].

There are occasional instances, whereby the ileal loops
are malpositioned in the right upper abdomen due to con-
genital herniation in to the right paracolic fossa (Fig. 9). In a
case reported by Aggarwal et al. [52], the ileal loops with an
attached Meckel’s diverticulum were found in a right para-
colic hernia on CT examination.

Conclusion

Most congenital anomalies of the gastrointestinal occur in
the ileum and can be demonstrated on barium examination
Fig.9 Barium enema examination of this patient reveals congeni-  of the small bowel or CT of the abdomen.

tal malposition of an ileal loop in the right paracolic and subphrenic The differences in anatomical location, appearance, and
spaces along with medially displaced hepatic flexure underlying pathogenesis of various congenital ileal anoma-
lies are summarized in Table 1.

Congenital malposition of the ileum These lesions usually present with abdominal pain,
. . _ bowel obstruction, or intestinal hemorrhage during infancy
The ileal loops are normally located in the right lower abdo- and childhood. However, a significant number of them are

men, but anomali.e's of the in.testina.l rotation and fixation  gjther asymptomatic or have delayed clinical presentation
can cause rnalpos.ltlon of the ileum in other compartments  anq diagnosis until adulthood. It is important for the practic-
of abdominal cavity [50, 51]. ing radiologists to be familiar with the spectrum of imaging

In cases of intestinal malrotation, the small bowel occu- features of these ileal anomalies, their pathogenesis, and
pies the right side of the abdomen, whereas the distal ileum potential complications.

and colon will be on the left side. In patients with left

Table 1 Differential features

. . Anomalous lesion Location & appearance Pathogenesis

of congenital anomalies of the

ileum Meckel’s diverticulum Antimesenteric border, saccular Vitelline duct remnant
Duplication cyst Mesenteric border, cystic or tubular Embryonic gut division
Ileal dysgenesis Aneurysmal dilatation of lumen Neuromuscular defect
Ileal atresia Obstructed blind-ending segment Fetal intestinal ischemia
Mucosal diaphragm Protruding Intraluminal web Re-canalization failure
Ileal malposition Atypical site in peritoneal cavity Midgut rotation/fixation
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