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Abstract

Background The diagnosis of intestinal malrotation is based
on an upper gastrointestinal contrast series (UGI), which is
considered the imaging reference standard. It may however
be challenging even for experienced paediatric radiologists.
Objective The purpose of this study was to demonstrate the
agreement between UGI and US in assessing the position of
the third portion of the duodenum (D3) and to show that a
retroperitoneal duodenum indicates normal forgut rotation.
Materials and methods In a prospective study, US assess-
ment of the duodenum and the superior mesenteric vessels
was performed in consecutive children who were referred
for clinically indicated UGI at a single institution.

Results Eighty-five children, 5 months to 14 years old, were
studied. In 82/85 (96%), both US and UGI suggested nor-
mal forgut rotation. In three children, US demonstrated a
normal position of the D3 whereas UGI showed an abnormal
position of the duodeno-jejunal junction.

Conclusion US is a non-invasive, easily performed technique
for excluding malrotation. UGI may be reserved for situations
where US does not demonstrate a normal position of the D3.
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Introduction

The diagnosis of intestinal malrotation based on an upper
gastrointestinal contrast series (UGI), which has long been
viewed as the gold standard imaging method, may be chal-
lenging even for experienced radiologists [1-12]. Since the
late 1980s, several sonographic approaches have been pro-
posed for excluding intestinal malrotation. The most widely
studied criterion has been the superior mesenteric vascular
relations [3, 4, 9, 12]. If the superior mesenteric vein (SMV)
is not to the right of the superior mesenteric artery (SMA) in
the axial plane at the level of the junction of the SMV with
the portal vein, the findings are highly sensitive for intesti-
nal malrotation, except if the vein is anterior to the artery [3,
4, 12]. However, inversion of the SMA and SMV may be
present in normal rotation and a normal relationship may be
present in children with abnormal rotation [13]. Others have
considered the whirlpool sign highly sensitive for malrota-
tion on US [14, 15].

Our experience suggests that the position of the duode-
num and superior mesenteric vessels can easily be depicted
by US.

More recently, based on anatomical and embryological
principles, Yousefzadeh [16] suggested that a retroperitoneal
third portion of the duodenum (D3) between the aorta and
the SMA is an indicator for normal rotation [16]. The
technical feasibility of this assessment has been demonstrat-
ed in newborns by the same author [17].

Our study had three purposes: (1) to assess the feasibility
of US demonstration of a retromesenteric D3 in children
5 months to 14 years old, (2) to compare the ability of US
and UGI in indicating and excluding malrotation and (3) to
prove that the retromesenteric position of D3 or lack thereof
represent normal and abnormal rotation, respectively, of the
primitive gut during embryonic development. This is the
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first study to correlate US findings with findings on UGI in
the assessment of forgut rotation.

Materials and methods

Using a Philips iU22 US system (Philips, Bothell, WA,
USA) and high-resolution linear (L12-5) and curvilinear
(C9-4) transducers, US was prospectively performed to
assess the position of D3. The study was performed between
April 2008 and April 2011 in consecutive children who had
undergone UGI before an anti-reflux procedure or gastro-
stomy tube placement or with recurrent respiratory tract
infection possibly related to gastroesophageal reflux. None
was excluded from the study. The US parameters included
feasibility of demonstration of the D3 between the SMA and
the abdominal aorta, and the position of the SMV in relation
to the SMA on the clock face model with the vein located to
the right of the artery referred to as 9 o’clock and in front of
the artery as 12 o’clock.

Transverse and sagittal images of the aortomesenteric
angle were aided by applying gradual compression. The
D3 was identified by its course around the head of the
pancreas and by its proximity to the uncinate process.

UGI and US were consecutively performed by two senior
paediatric radiologists (M.R., 11 years’ experience in pae-
diatric radiology; C.P., 25 years’ experience in paediatric
radiology). The US operator was masked to the results of the
UGI throughout the studies.

Residual barium was not an obstacle for the depiction of
D3 but rather helpful for the US follow-through of the
duodenal anatomy. However, in our previous experience,
gradual compression without filling of the stomach has been
equally feasible.

On UG]I, to prevent the duodenum to be masked by the
more-distal contrast-filled small bowel loops, a straight
frontal view of the first passage of the barium through the
duodenum was captured. On UGI, the position of the
duodeno-jejunal junction was considered normal only if it
was located to the left of the left vertebral pedicle, at the
level of the inferior margin of the duodenal bulb [11, 18].
Lateral views were systematically used to assess the poste-
rior position of the D3.

Informed consent was obtained from parents for each
patient and the study protocol was approved by an institu-
tional review board.

Results
Eighty-five children were included. The male/female ratio
was 47/38, and children ranged from 5 months to 14 years

of age.
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Position of the third portion of the duodenum

US demonstrated the aorto-mesenteric angle, the SMV/
SMA orientation and at least the first centimetre of the
SMA in all 85 children. The UGI/US correlation is shown
in Table 1.

In 79/85 (93%) children, US displayed the D3 between the
SMA and the aorta and UGI demonstrated a normal duodenal
sweep and position of the duodeno-jejunal junction (DJJ)
(Fig. 1).

In three children with a history of surgery for gastro-
schisis, omphalocele or Ladd procedure for intestinal mal-
rotation, the D3 was not situated between the SMA and the
aorta on US and UGI showed an abnormal position of the
D3 and the DJJ.

In the remaining 3/85 (3.5%) children, US demonstrated
a normal position of the D3 whereas UGI showed an abnor-
mal position of the DJJ, medial and anterior to the spine in
two and to the right of the spine in one. It was located at the
level of the inferior margin of the duodenal bulb in all three.
Two of these three children had a severe spinal left-convex
curvature (Fig. 2). The third had normally related superior
mesenteric vessels situated to the right of the aorta (Fig. 3).

Superior mesenteric vascular relationship

Figure 4 shows the histogram of the SMV/SMA relationship
in the 80/85 (94%) patients with a normal duodenum posi-
tion for UGI and US on the clock-face model. In 77/80
(96%) of these, the SMV was identified to the right of the
SMA, between 7 and 11 o’clock. In the remaining 3/80
(4%), one had an SMV posterior to the SMA (6 o’clock),
one anterior to SMA (12 o’clock) and one to the left of the
SMA (4 o’clock). In these three children, the position of the
D3 on US and the position of the DJJ on UGI were un-
doubtedly both normal according to our criteria.

For the three children with abnormal duodenum position
suggested by both techniques, the SMV was situated in front
of the artery in one child (12 o’clock) and to the left of the
artery in two children (2 and 4 o’clock).

Table 1 Findings on abdominal US and upper gastrointestinal contrast
series (UGI) for assessment of foregut rotation in 85 children

Number of  UGI (duodenal course, and US (position of the

children position of the duodeno-jejunal  third portion of the
junction duodenum)

79 Normal Normal
Abnormal Abnormal
Abnormal Normal
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Fig. 1 Normal imaging
findings in a 30-month-old girl.
a US demonstrates the third
portion of the duodenum (D3)
between the superior mesenteric
artery (A) and vein (V), and
the aorta (AO). JV jejunal vein.
b Upper gastrointestinal
contrast study demonstrates a
normal course of the D3 and a
normal site of the duodeno-
jejunal flexure (DJJ)

In all three children with a normal position of D3 on US
and abnormal or questionable on UGI, the position of the
SMV was to the right of the SMA (9 o’clock).

Over the three years of the study, we encountered three
additional patients: one girl (17 months old) and a boy (12
years old) with symptoms of recurrent vomiting and abdom-
inal pain, and a one-day old with atrio-ventricular canal
defect in whom the D3 was not demonstrable in the aorto-
mesenteric angle. The SMV was situated at the 11 o’clock
position in one patient (Fig. 5) and to the left of the SMA at
the 3 o’clock position in the other two. In these three
patients UGI confirmed the abnormal position of the D3
and DJJ (Fig. 6). In the newborn, dilatation of the stomach
and the proximal duodenum suggested duodenal atresia.
Surgery confirmed the malrotation in the 17-month-old girl
and in the 12-year-old boy, and nonrotation associated with
duodenal atresia was confirmed in the newborn.

Discussion

Successful sonographic visualization of the aorta, the SMA
and the aorto-mesenteric angle in all children in the study

Fig. 2 Upper gastrointestinal
contrast study (UGI) and US in
a 12-year-old boy. a Due to
scoliosis, the duodeno-jejunal
flexure (DJJ) does not reach the
left vertebral pedicles on UGI,
which may be interpreted as
malrotation. b US shows a
normal position of the third
portion of the duodenum (D3),
suggesting normal rotation

demonstrates the feasibility of the technique in children up to
15 years old, extending well beyond the immediate postnatal
age group previously demonstrated [17].

Among 79 children with a normal position of the D3 and
DJJ on UGI, US demonstrated a normally sited D3 between
the SMA and the aorta with no false positive, similar to what
has previously been shown in newborns [17]. In the three
children whose duodenum was not retromesenteric on US,
UGI met the published criteria for malrotation on the frontal
view. In these three children, an unusual relationship be-
tween the SMV and the SMA strongly suggested intestinal
malrotation. In three false-positive studies with questionable
positions of the DJJ on UGI, US showed rightwards dis-
placement of the D3 but with a retromesenteric position
between the SMA and the aorta. In two of these three
children, the abnormal duodenal position on UGI was asso-
ciated with severe scoliosis. In the third child, who has a
normal spine, the SMA was shifted rightwards and truncated
with the SMV in a normal 9 o’clock position.

In children with an abnormal position of the duodenum
and DJJ on UGI, the aorto-mesenteric angle, the SMA and
the aorta were clearly visualised without the duodenum
passing in between.
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Fig. 3 Upper gastrointestinal
contrast study (UGI) and US in
a 20-month-old boy. a The
duodeno-jejunal flexure (DJJ)
does not reach the left pedicle
on UGI. b US shows a normal
position of D3, suggestive

of normal rotation. The superior
mesenteric vessels are seen to
the right of the aorta. UP
uncinate process of the pancreas

In three children, abnormal SMA/SMV relationships
were not correlated with an abnormal position of the duo-
denum on UGI. Demonstration of the D3 between the SMA
and the aorta by US is clinically feasible, and seems to
obviate other imaging studies or surgical exploration to
exclude malrotation.

Recently, Taylor [19] reviewed abdominal CTs in 100
normal subjects and in 38 children with surgically proven
malrotation and demonstrated the position of the D3 be-
tween the SMA and the aorta in all studies of normally
rotated gut without any false-positive findings. In his group
of 38 children with surgically proven malrotation, only one
had a normally positioned D3. We fully agree with Yousef-
zadeh’s [20] expressed reservations regarding the use of CT.
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Fig. 4 The superior mesenteric vein/superior mesenteric artery (SMV/
SMA) relationship in 79/85 children with a normal duodenal position
on upper gastrointestinal contrast study (UGI) and US. X-axis: Position
of the SMV relative to the SMA on a clock-face model with the clock
facing inferiorly, so that 9 signifies a 9 o’clock-position, i.e. SMV to
the right of the SMV. Y-axis: number of children
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Based on embryological and anatomical principles we be-
lieve US is the modality of choice to assess the position of
the D3 for indicating or excluding malrotation with high
accuracy.

One of the limitations of our study is the low rate of
abnormal rotation. A prospective series with more symp-
tomatic patients and a higher frequency of malrotation is
required to validate our findings. Another limitation was the
lack of a reference standard to confirm the normal rotation
in children with abnormal UGI and normal US; however,
none of these children was clinically suspected to have
malrotation.

Conclusion

Using a graded compression-technique, demonstrating the
D3 between the SMA and aorta is feasible in children up to

Fig. 5 US in a 17-month-old girl. Although there is no inversion of the
superior mesenteric vein/superior mesenteric artery (SMV/SMA) rela-
tionship, the duodenum does not run between the SMA and the aorta
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Fig. 6 UGI imaging of the same patient: different phases of duodenal and jejunal opacification without a demonstrable DJJ. However, several
jejunal loops are opacified and located on the right of the spine

15 years old. Based on anatomical and embryological argu-
ments, a retromesenteric D3 excludes intestinal malrotation.
Non-depiction of the D3 between the SMA and the aorta
correlated well with an abnormal position of the DJJ on UGI
in our study, but the frequency of abnormal findings was
low. US is suggested as the initial modality of choice to
assess for malrotation, depending on the limitations posed
by the child’s body habitus. UGI may be reserved for those
in whom US is not feasible, or when a retromesenteric D3
cannot be demonstrated by US.
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