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Intestinal malrotation, which is defined by a congenital abnormal posi-
tion of the duodenojejunal junction, may lead to midgut volvulus, a
potentially life-threatening complication. An evaluation for malrotation
is part of every upper gastrointestinal (GI) tract examination in pediat-
ric patients, particularly neonates and infants. Although the diagnosis
of malrotation is often straightforward, the imaging features in approxi-
mately 15% of upper GI tract examinations are equivocal and lead to a
false-positive or false-negative interpretation. The clinical manifesta-
tions and upper GI tract findings of malrotation in older children and
adults are less specific than are those in younger patients, and for this
reason diagnosis of the condition may be more difficult. Successful dif-
ferentiation between a normal variant and malrotation requires the use
of optimal techniques in acquiring and interpreting the upper GI se-
ries. Familiarity with the upper GI series appearance of both normal
and abnormal anatomic variants allows the radiologist to increase both
diagnostic accuracy and confidence in the diagnosis of malrotation.
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Introduction
Intestinal malrotation, which is defined by a con-
genital abnormal position of the bowel within the
peritoneal cavity, may lead to midgut volvulus, a
potentially life-threatening condition. For this
reason, an evaluation for malrotation should be
part of every upper gastrointestinal (GI) tract ex-
amination in pediatric patients, particularly neo-
nates and infants. The upper GI series can help
the radiologist distinguish a normal position of
the bowel from malrotation by depicting the posi-
tion of the duodenojejunal junction. Successful
differentiation of a normal variant in bowel loca-
tion from malrotation, both in pediatric patients
and in adults, requires the use of optimal tech-
niques for acquiring and interpreting upper GI
series.

In this article, the embryologic development
and epidemiologic characteristics of malrotation
are described, and the clinical symptoms and ra-
diographic features of malrotation and resultant
volvulus are compared with those of anatomic
variants that are considered normal. To help
maximize diagnostic accuracy and the radiolo-
gist’s confidence in diagnosis, techniques for opti-
mal image acquisition and interpretation are out-
lined and potential pitfalls are highlighted.

Definition of Malrotation
Malrotation is a congenital abnormal position of
the bowel within the peritoneal cavity and usually
involves both the small and the large bowel. Mal-
rotation is accompanied by abnormal bowel fixa-
tion by mesenteric bands or absence of fixation of
portions of the bowel, leading to increased risks of
bowel obstruction, acute or chronic volvulus, and
bowel necrosis. The term malrotation applies to a
wide range of intestinal anomalies, from a readily
apparent omphalocele in newborns to asymptom-
atic nonrotation of the large and small bowel in
adults. Most people who are affected by malrota-
tion show signs of the condition soon after birth;
however, malrotation in an important minority is
diagnosed long after infancy and is not mani-
fested by the typical clinical sign of bilious vomit-
ing (1–6).

In nonrotation, a subtype of malrotation asso-
ciated with a lower risk of volvulus, the small
bowel is located predominantly on the right side
within the peritoneal cavity and the colon is lo-
cated on the left side (7) (Fig 1). Various degrees
of malrotation of the small or large bowel may
occur, and the positions of the duodenojejunal
junction (and, by implication, the ligament of
Treitz) and colon depend on the developmental
stage at which normal embryologic rotation

failed. Because the second and third stages of ro-
tation differ for the small versus the large bowel,
the rotation of one may be normal while that of
the other is abnormal.

Embryologic Origins
The gut develops from the yolk sac, which divides
into three sections early in development: the fore-
gut, which is supplied by the celiac artery; the
midgut, which extends from the middle third of
the duodenum to the distal transverse colon and
which is supplied by the superior mesenteric ar-
tery; and the hindgut, which is supplied by the
inferior mesenteric artery.

Early in embryonic life, before approximately 4
weeks of gestation, the gut is a short, straight, fea-
tureless tube. By 12 weeks, it has grown rapidly
and, after a series of complex steps involving a
total rotation of 270°, has undergone fixation in
the normal position in the abdomen (8,9). At ap-
proximately 4 weeks the primitive intra-abdomi-
nal organs begin to grow, and by 6 weeks there is
little room for all the organs. First, the duodenum
rotates 90° counterclockwise to a position at the
right of the superior mesenteric artery, while the
colon rotates 90° to a location at the left of the

Figure 1. Nonrotation of the bowel. Radiograph
shows the presence of iodinated contrast material from
an abdominal computed tomographic (CT) examina-
tion 1 day earlier. The colon is located primarily in the
left side of the abdomen, and the small bowel is in the
right side.
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superior mesenteric artery. The midgut then her-
niates into the umbilical cord to continue its
growth. During this time, the duodenum rotates
counterclockwise another 90°, while the colon
undergoes no rotation. At 10 weeks, the embry-
onic bowel returns to the abdominal cavity, and
both the duodenum and the colon rotate again.
At this time, the duodenum completes its final
90° counterclockwise rotation, until the duode-
nojejunal junction is located to the left of the
spine, while the colon rotates counterclockwise
180°, until the cecum is located in the right lower
quadrant of the abdomen. The completed normal

rotation of the bowel produces a long mesenteric
attachment for the small bowel (10).

Epidemiologic Description
Malrotation occurs in approximately 1 in 500
births (11). Malrotation is usually diagnosed in
newborns and young infants; up to 75% of symp-
tomatic cases occur in newborns, and up to 90%
of symptomatic cases occur within the 1st year of
life (1,11–13). The classic clinical manifestation
of malrotation in newborns is bilious vomiting
with or without abdominal distention associated
with either duodenal obstructive bands or midgut
volvulus (1,7,14). A delay in diagnosis and treat-
ment may result in small-bowel necrosis, short-
gut syndrome, and dependence on total paren-
teral nutrition. Mortality in affected newborns
was approximately 30% in the 1950s and 1960s
(15,16) but since then has markedly decreased, to
3%–5% (14,17,18).

Malrotation of the bowel is associated with
a number of syndromes (Table 1) and other
anomalies (Table 2). Fairly often, it occurs in as-
sociation with other gastrointestinal abnormali-
ties, especially jejunal and duodenal stenosis or
atresia, annular pancreas, Hirschsprung disease
(congenital megacolon), and intussusception
(Table 2). Malrotation of the bowel is invariably
present in children with an omphalocele, gastros-
chisis (Fig 2), or congenital diaphragmatic hernia
(Bochdalek), in whom the normal embryologic
positioning of the developing gut was disrupted.
Malrotation is very common in children with het-
erotaxy syndrome (20,21) (Fig 3).

Figure 2. Radiograph obtained with barium in the
upper GI tract of an infant with previously repaired
gastroschisis and obligatory malrotation shows a mark-
edly abnormal course of the duodenum and jejunum in
the right abdomen.

Table 1
Syndromes Associated with Malrotation

Apple-peel intestinal atresia
Cornelia de Lange syndrome
Cantrell syndrome
Cat-eye syndrome
Chromosomal abnormalities (trisomies 13, 18, and

21)
Coffin-Siris syndrome
Familial intestinal malrotation
Heterotaxy (asplenia, polysplenia)
Marfan syndrome
Meckel syndrome
Mobile cecum syndrome
Prune-belly syndrome

Source.—Reference 19.

Table 2
Anatomic Anomalies Associated with
Malrotation

Absence of kidney and ureter
Biliary atresia
Congenital diaphragmatic hernia
Duodenal or small-bowel stenosis or atresia
Duodenal web
Gastroschisis
Hirschsprung disease
Imperforate anus
Intestinal pseudo-obstruction
Intussusception
Malabsorption
Meckel diverticulum
Omphalocele
Pyloric stenosis

Source.—Reference 7.
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Volvulus Due to Malrotation
In individuals with malrotation, the mesenteric
attachment of the midgut, particularly the portion
from the duodenojejunal junction to the cecum, is
abnormally short. The gut is therefore prone to
twist counterclockwise around the superior mes-
enteric artery and vein. This condition, known as

midgut volvulus, may cause intermittent abdomi-
nal distention and pain or acute bowel necrosis.

Clinical Manifestations
in Older Children and Adults

Malrotation and midgut volvulus may be mani-
fested also in older children and adults (5,20–22).
The clinical manifestations in older patients often

Figure 3. Malrotation in two infants with heterotaxy syndrome. (a) Radiograph from an upper GI series obtained
with barium administered via a nasogastric tube shows a right-sided stomach, left-sided small bowel, and abnormal
position of the duodenojejunal junction (arrow). (b) Radiograph in another infant shows a right-sided heart, left-
sided barium-filled stomach, and right-sided barium-filled small bowel. The duodenojejunal junction (not shown)
also was abnormally positioned.

Figure 4. Normal upper GI series in an infant with vomiting. (a) Frontal view shows the duodenojejunal junc-
tion (arrow) to the left of a vertebral body pedicle and at the level of the pylorus. The duodenal bulb is not visible.
(b) Lateral view shows a normal posterior position of the duodenum and location of the duodenojejunal junction
(arrow) at the inferior aspect of the duodenal bulb (arrow).
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are much less straightforward than are those in
neonates and may include a wide variety of signs
and symptoms (5,20–24). This fact has led to
controversy and confusion in the literature, about
whether older children and adults need surgical
intervention (1,25). At present, there is no
method for predicting which patients will develop
volvulus as a result of malrotation. Given this
situation and the often confusing manifestations
in older patients, it is important that subtle abnor-
malities in the upper GI series be documented

and discussed with the referring clinician. Long
average delays of 1.7 years (13), 2.3 years (2),
and up to 5 years (26) in the diagnosis of malrota-
tion in symptomatic children after infancy are
suggestive of the challenges of diagnosing the
condition in older patients. Symptoms of malro-
tation in older children and adults range from
acute abdominal pain and vomiting to mild inter-
mittent pain and malabsorption (24,27–30).
Other reported manifestations and complications
of malrotation include short-gut syndrome, feed-
ing difficulties, diarrhea, small-bowel obstruction,
adhesive bands, internal hernia, malnutrition,
failure to thrive, chylous ascites, mesenteric lym-
phocele, pneumatosis, and pneumonia (1,7,27,
31–33). Malrotation also may be an incidental
imaging finding, especially in adults (23,34).

Normal Anatomic
Variations versus Malrotation

The upper GI series remains the imaging refer-
ence standard for the diagnosis of malrotation
with or without volvulus (1,7,16,35). The goal of
the examination for malrotation is to avert acute
volvulus with its catastrophic complications,
which include bowel necrosis. In acutely symp-
tomatic patients, the upper GI tract examination
should be performed urgently, since the treat-
ment for acute volvulus is immediate surgery with
the Ladd procedure (36,37). In the Ladd proce-
dure, the surgeon cuts the Ladd bands to elimi-
nate any obstruction, positions the small bowel in
the right abdomen and the colon in the left abdo-
men, and performs an appendectomy. The bowel
is not tacked in place, because the risk of volvulus
will be very low after postoperative adhesions
form.

Abdominal radiographs may be normal in ap-
pearance or may show distention of the stomach
and proximal duodenum by air, with little distal
bowel gas (16). The sensitivity of the upper GI
series for the diagnosis of malrotation has been
reported as 93% (38), 95% (11), and 100% (39),
but a sensitivity of only 54% was reported for the
diagnosis of midgut volvulus (39).

The normal position of the duodenojejunal
junction is to the left of the left-sided pedicles of
the vertebral body at the level of the duodenal
bulb on frontal views (35) (Fig 4a) and posterior
(retroperitoneal) on lateral views (Fig 4b). How-
ever, variations of the normal location may ap-
pear, particularly on frontal views in the upper GI
series, that mimic malrotation. Inferior displace-
ment of the normal duodenojejunal junction is a
common variation seen on frontal views in infants
(Fig 5). This finding, which in our experience is

Figure 5. Normal variants that mimic malrotation in
two infants born prematurely. (a) Frontal view shows
the position of the duodenal bulb (arrow), which is su-
perimposed over the gastric antrum, and inferior dis-
placement of the duodenojejunal junction (arrowhead).
(b) Frontal view shows a similar inferior position of the
duodenojejunal junction (arrow); * ! duodenal bulb.
Both the clinical manifestations and the findings on
other images in these upper GI series were inconsistent
with malrotation and, instead, indicative of normal
variations.
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more common in premature infants, may be due
to displacement of the relatively mobile ligament
of Treitz by the adjacent distended stomach or
bowel (40).

In children with acute duodenal obstruction,
the upper GI series may depict a Z-shaped con-
figuration of the duodenum in the presence of
obstructing peritoneal bands (Figs 6, 7) or a cork-
screw-shaped duodenum in the presence of vol-
vulus (Figs 8, 9) (1,41). In children who have
bowel malrotation without volvulus, the upper GI
series shows an abnormal position of the duode-
nojejunal junction and, implicitly (since it is not
directly depicted), of the ligament of Treitz (Figs
10–13).

Figure 6. Malrotation with obstructing duodenal bands. Radiographs show marked distention and obstruction of
the proximal part of the duodenum (a) and an abnormal location of the duodenojejunal junction and the proximal
part of the jejunum in the right upper abdominal quadrant (b).

Figure 7. Malrotation with obstructing duodenal
bands in a neonate. Radiograph shows distention of the
proximal part of the duodenum by barium, but no air
or barium in the distal part. In this situation, it may be
impossible to distinguish duodenal atresia from malro-
tation and volvulus. The imaging findings therefore
should be discussed with the referring physician and
correlated with the clinical manifestations.
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Figure 8. Malrotation with volvulus in a neonate. Radiographs obtained with barium administered via a na-
sogastric tube show a corkscrew appearance of the duodenum and an abnormal position of the duodenojejunal
junction on both frontal (a) and lateral (b) views, features indicative of volvulus, which constitutes a surgical
emergency.

Figure 9. Malrotation with volvulus in a neonate. Radiographs obtained with barium administered via a nasogas-
tric tube show a corkscrew appearance of the duodenum and an abnormal position of the duodenojejunal junction on
both frontal (a) and lateral (b) views, features diagnostic of volvulus, which constitutes a surgical emergency. The
proximal part of the duodenum also is dilated because of obstruction by the volvulus.
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Figures 10, 11. (10) Malrotation without volvulus in an infant with nonbilious vomiting. (a) Frontal view shows
the location of the entire duodenum to the right of the spine, a finding diagnostic of malrotation. (b) Lateral view
shows an abnormal course of the duodenum, which is not downward and then back up to the level of the bulb, the
normal location of the duodenojejunal junction. (11) Malrotation without volvulus in an infant with vomiting and
failure to thrive. (a) Frontal radiograph shows the duodenojejunal junction (arrow), which does not cross to the left
of the left pedicle of the vertebral body and which is located inferior to the duodenal bulb (*). The location of the
proximal jejunal loop on the right is suggestive but not diagnostic of malrotation. (b) Delayed radiograph shows the
location of the jejunal loops in the right side of the abdomen. Note that the duodenum does not cross the midline.

Figure 12. Malrotation without volvulus in a neonate.
Frontal view from an upper GI series shows an abnormal
location of the duodenojejunal junction (arrow) at the ver-
tebral body pedicle and inferior to the duodenal bulb. The
absence of distention in adjacent bowel loops and stom-
ach, a condition that might have caused displacement of
the duodenojejunal junction, indicates that this is not a
normal anatomic variant.
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A 15% false-positive rate was reported for the
detection of bowel malrotation in two studies of
upper GI series in infants and children who sub-
sequently underwent surgery with the Ladd pro-
cedure (23,35). The most common reason for a
false-positive finding was a failure to recognize
normal anatomic variations that mimicked
malrotation. Variations such as the wandering
duodenum (Fig 14), mobile duodenum, and duo-
denum inversum (42–44) observed on radio-
graphs in the upper GI series may lead to a false-

positive finding of malrotation, particularly in
infants. The inferior displacement of a normal
duodenojejunal junction by a dilated adjacent
stomach or small- or large-bowel segment also
may mimic malrotation in infants and children
(7). Others have reported the displacement of a
normal duodenojejunal junction because of renal
agenesis (45), enlargement of the spleen, or liver
transplantation (7,46,47). An important factor in
the displacement of a normal duodenojejunal
junction in infants and young children is the rela-
tive laxity of their peritoneal ligaments. Because
the peritoneal ligaments are lax in children
younger than 4 years, the normal duodenojeju-
nal junction is easily displaced during external
manual palpation, by a dilated adjacent bowel
segment, or by an enteric feeding tube (40).

Figure 13. Subtle malrotation with an abnormal posi-
tion of the duodenojejunal junction in a teenaged boy.
Frontal views (a, c) show redundancy of the descend-
ing part of the duodenum, before it crosses the spine,
with two small-bowel loops on the right. On the lateral
view (b), the duodenojejunal junction (arrow) appears
in an abnormal location, inferior to the duodenal bulb.
The frontal view in c helps confirm the abnormal loca-
tion of the duodenojejunal junction (arrow), which is
superimposed over the vertebral body, inferior to the
duodenal bulb. These findings were confirmed at sur-
gery.
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False-negative findings in upper GI series also
have been reported (35,42,48,49). False-negative
rates of 3% (23), 5% (11), and 6% (3) have been
cited, with most of the false-negative findings as-
cribed to misinterpretation of the duodenal
course as indicative of normal variation rather
than malrotation (42).

Problem Solving
with the Upper GI Series
Meticulous technique in performing the upper GI
tract examination is critical to avoid both false-
positive and false-negative interpretations. The
normal duodenum should remain in a posterior
location. A normal position of the ligament of
Treitz is implicit in the location of the duodenoje-
junal junction to the left of the spine, at the level
of the duodenal bulb. The jejunum usually is lo-
cated on the left side of the abdomen. It may be
necessary to insert a nasogastric tube to control
the influx of barium. If the position of the duode-
nojejunal junction is equivocal on radiographs
from the upper GI series, diagnostic confidence
and accuracy may be increased with a small-
bowel follow-through examination to depict the

location of the small bowel and cecum. The ce-
cum is abnormally positioned in 80% of patients
with malrotation (1,42,48,50).

To improve the accuracy of identification of
malrotation on the basis of the upper GI series, a
number of steps should be followed.

First, the initial passage of barium through the
duodenum should be observed directly with fluoroscopy
to confirm the course of the duodenum and the po-
sition of the duodenojejunal junction. The duode-
num often is obscured as the more distal loops of
the small bowel fill with barium, and correct iden-
tification of the duodenum and duodenojejunal
junction then becomes more challenging.

Second, the position of the duodenojejunal
junction should be documented with the acquisi-
tion of both frontal and true lateral projections.
On frontal views, the duodenojejunal junction
should be located leftward of the left pedicle of
the vertebral body at the level of the duodenal
bulb or at least as high as its inferior aspect. A
normal duodenojejunal junction may be dis-
placed, particularly in the inferior direction, on
the frontal projection. Such displacement may be
caused by a horizontal stomach position, disten-
tion of the adjacent bowel, overfilling of the stom-
ach with barium, enlargement of the spleen, liver

Figure 14. Wandering duodenum that mimics malrotation in an infant with vomiting. Frontal view (a) from an
upper GI examination shows a longer and more meandering course of the duodenum instead of the typical C-shaped
course, but both the frontal view and the oblique lateral view (b) show a normal position of the duodenojejunal junc-
tion (arrow).
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transplantation, or scoliosis. In contrast, a poste-
rior location of the duodenojejunal junction on
true lateral views, as expected for a retroperito-
neal structure, is reassuring (51). In children with
malrotation, the distal course of the duodenum
on the lateral view often does not reach the level
of the duodenal bulb and instead turns in an ante-
rior direction, into the peritoneal cavity (Fig 13b).

Third, the stomach should not be overfilled
with barium. Bottle-fed infants, in particular,
should not be given too large a quantity of
barium. An overdistended stomach may obscure
the duodenum and a normally positioned duode-
nojejunal junction and cause the radiologist to
miss the first pass of the barium. In addition,
overdistention of the stomach may cause inferior
displacement of a normal duodenojejunal junc-
tion.

Fourth, manual palpation may be used during
the upper GI study. This technique, as described
by Lim-Dunham et al (47), allows the radiologist
to determine the mobility of the duodenum. In
normal children younger than 4 years, the bowel
ligaments are lax, allowing greater mobility of the
duodenojejunal junction, whereas the duodenoje-
junal junction in a child with malrotation is not

mobile (1,40). If the infant has an enteric feeding
tube in the duodenum or jejunum, the tube may
displace the normal duodenojejunal junction
(1,40).

Fifth, other imaging studies should be re-
viewed. Is there an alternative explanation for an
abnormal position of the duodenojejunal junc-
tion? For example, is there an enlarged spleen
that displaces the duodenojejunal junction in a
medial direction? Is there a bowel obstruction?
Has the child undergone liver transplantation, a
surgical procedure in which the ligament of Treitz
is cut? Does the child have scoliosis? Does the
patient have a syndrome (Table 1) or another
anomaly (Table 2) associated with malrotation?
Abdominal sonograms may depict the relation
between the superior mesenteric artery and vein;
CT and MR images also may show the relation-
ship between the two vessels (52–56). The supe-
rior mesenteric vein is normally located to the
right of and anterior to the superior mesenteric
artery on axial views, but the relative positions of
the vein and artery are reversed in 60% of indi-
viduals with malrotation (Fig 15) (54,55).

Figure 15. Malrotation in a 16-year-old girl with intermittent abdominal pain. (a) Transverse sonogram
shows the reversal of the normal anatomic relation of the superior mesenteric artery (SMA) and superior
mesenteric vein (SMV), a finding that prompted the radiologist to request an upper GI series. AO ! aorta.
(b) Fluoroscopic image shows an abnormal course of the duodenum into the right side of the abdomen. The
colon, which is located in the left side of the abdomen, contains contrast material from an earlier CT examina-
tion. The patient underwent a Ladd procedure, which was successful.
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Sixth, if the diagnosis remains in doubt or the
upper GI tract findings are equivocal (Figs 16,
17a), delayed abdominal radiographs should be
acquired to identify the position of the cecum.

While the position of the colon may be normal in
a child with malrotation, 80% of individuals with
malrotation have an abnormal cecal position
(1,42,48,50) (Figs 17–20). As an alternative to
delayed radiography, in an urgent situation, an
enema may be administered with an iodinated
contrast medium to demonstrate the position of

the colon. Generally, the shorter the distance be-
tween the duodenojejunal junction and the cecal
apex, the shorter the length of the small-bowel
mesentery and the greater the risk of volvulus.

Figure 16. Subtle malrotation in an infant. (a) Frontal view from an upper GI series shows an abnormal location of
the duodenojejunal junction (arrow), which is superimposed over the left pedicle of the vertebral body at the level of
the duodenal bulb (arrowhead). (b) Lateral view shows an abnormal course of the duodenum and an abnormal posi-
tion of the duodenojejunal junction (arrow), inferior to the duodenal bulb (arrowhead).

Figure 17. Subtle malrotation in an infant. Frontal view
from an upper GI series demonstrates an abnormal posi-
tion of the duodenojejunal junction (arrow), which does
not pass to the left of the left pedicle of the vertebral body
(arrowhead). The proximal jejunal loop courses to the
right, a location that is suggestive but not diagnostic of
malrotation. The diagnosis in this case might easily be
missed, especially if the duodenojejunal junction abnor-
mality is attributed to patient positioning.
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Figure 18. Subtle malrotation in a 5-month-old infant with Down syndrome, an uncorrected atrioventricular canal
defect, and a clinical history of nonbilious vomiting. Because of the latter, an upper GI series (with barium adminis-
tered via a nasogastric tube) was requested by the pediatrician prior to the surgical insertion of a gastric feeding tube.
(a) Frontal view from the upper GI series demonstrates a mildly abnormal location of the duodenojejunal junction
(arrow), inferior to the bulb (arrowhead) and overlying the midline rather than crossing over to the left of the pedicle.
The right-sided location of the proximal jejunal loops also is visible. Because of these subtle abnormalities, the bar-
ium was followed through the small bowel to the colon. (b) Delayed radiograph shows an abnormal position of the
cecum (arrow indicates the cecal apex and appendix). These anatomic abnormalities imply a foreshortening of the
small-bowel mesentery. Malrotation was documented at surgery.

Figure 19. Malrotation in a 5-year-old girl. Delayed
radiograph, obtained after an upper GI series, shows a
markedly abnormal location of the cecum and appendix
(arrow) in the epigastric region, a finding that implies a
very short small-bowel mesentery and a high risk for vol-
vulus. Barium outlines the entire colon, which is located in
the left side of the abdomen. Note the gastrojejunal feed-
ing tube, which follows the course of the duodenum and
proximal jejunum. The distance between the cecum and
the duodenojejunal junction (arrowhead) is very short.
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Seventh, if the clinical manifestations do not
correspond to the upper GI tract findings, the
upper GI series should be repeated on a subse-
quent day. A repeat upper GI series is much less
invasive and less costly than a laparotomy. In in-
fants, the barium may be best administered by
using a nasogastric tube. Older children may be
permitted to drink a limited amount of barium.
The repeat upper GI series should be performed
with a very small amount of barium, and the
study should begin with the patient in the right
lateral position to promote early emptying of the
barium from the stomach to the duodenum. Air
may be injected through the nasogastric tube to
push the small amount of barium into the duode-
num. The control of the barium volume and the
careful positioning of the child allow the radiolo-
gist to avoid pitfalls such as overdistention of the
stomach and filling of the proximal small bowel
with barium before the position of the duodenoje-
junal junction has been documented.

Figure 20. Malrotation in a 10-year-old boy. De-
layed radiograph from an upper GI series shows the
cecal apex at the level of the L3-L4 intervertebral
space. The abnormal location of the cecum suggests a
predisposition to volvulus due to foreshortening of the
small-bowel mesentery.

Figures 21, 22. (21) Malrotation of the colon in a female infant with Cornelia de Lange syndrome and a history of
feeding difficulties with gastrojejunal tube feeds. Radiograph obtained with a barium enema shows an unusual posi-
tion of the colon, which is located entirely on the right side of the abdomen, and a normal position of the small bowel.
Surgery was not performed. (22) Acute volvulus of the transverse colon in a 3-week-old girl with trisomy 13, feeding
intolerance (vomiting and abdominal distention), and decreased frequency of defecation. Radiograph obtained with a
barium enema shows a beaklike disruption of the mid transverse colon (arrow), a sign of volvulus. At surgery for re-
duction of the volvulus, the colon was located mostly on the left side, and the small-bowel position was normal.
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Malrotation of the Colon Alone
A normal variant that all radiologists encounter is
the mobile cecum, which is seen in up to 15% of
individuals (1,7,44). Very rarely, an abnormal
position of the colon may be seen in conjunction
with a normal position of the small bowel. Malro-
tation limited to the colon is much rarer than that
of the small bowel alone or that of both the small
and the large bowel together (24,57–59). In in-
fants who present with vomiting, an enema with
iodinated contrast material may reveal a distal
bowel obstruction due to an acute volvulus of the
colon, usually at the level of the transverse colon
(Figs 21, 22). Colonic volvulus may occur either
because of abnormal embryonic rotation or be-
cause of redundancy of the transverse mesocolon.

Conclusions
The diagnosis of malrotation on the basis of an
upper GI series may be challenging even for expe-
rienced radiologists. Various methods can be used
to improve diagnostic accuracy and confidence,
including direct fluoroscopic observation of the
first pass of barium through the duodenum, docu-
mentation of the position of the duodenojejunal
junction with the acquisition of both frontal and
lateral views, limitation of the quantity of barium
administered to children (with use of a nasogas-
tric tube in infants), use of manual palpation dur-
ing the performance of the upper GI series, re-
view of previous imaging studies, delayed ab-
dominal radiography to document the position of
the cecum if the diagnosis is in doubt, and repeti-
tion of the upper GI series on a subsequent day if
the clinical manifestations do not correspond to
the upper GI tract appearance.
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Page 1487 
Malrotation is usually diagnosed in newborns and young infants; up to 75% of symptomatic cases 
occur in newborns, and up to 90% of symptomatic cases occur within the 1st year of life. 
 
Page 1488 
In individuals with malrotation, the mesenteric attachment of the midgut, particularly the portion 
from the duodenojejunal junction to the cecum, is abnormally short.. 
 
Page 1489 
The normal position of the duodenojejunal junction is to the left of the left-sided pedicles of the 
vertebral body at the level of the duodenal bulb on frontal views and posterior (retroperitoneal) on 
lateral views. 
 
Page 1494 
The cecum is abnormally positioned in 80% of patients with malrotation. 
 
Pages 1494–1496, 1498 
To improve the accuracy of identification of malrotation on the basis of the upper GI series, a number 
of steps should be followed. First, the initial passage of barium through the duodenum should be 
observed directly with fluoroscopy to confirm the course of the duodenum and the position of the 
duodenojejunal junction. ... Second, the position of the duodenojejunal junction should be 
documented with the acquisition of both frontal and true lateral projections. ... Third, the stomach 
should not be overfilled with barium. ... Fourth, manual palpation may be used during the upper GI 
study to determine the mobility of the duodenum. ... Fifth, other imaging studies should be reviewed. 
... Sixth, if the diagnosis remains in doubt or the upper GI tract findings are equivocal, delayed 
abdominal radiographs should be acquired to identify the position of the cecum. ... Seventh, if the 
clinical manifestations do not correspond to the upper GI tract findings, the upper GI series should 
be repeated on a subsequent day. 
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