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Abstract
Background Malrotation is a congenital disorder of abnor-
mal intestinal rotation and fixation that predisposes infants
to potentially life-threatening midgut volvulus. Upper
gastrointestinal tract (UGI) examination is sometimes
equivocal and can lead to inaccurate diagnosis.

Objective To determine the diagnostic performance of UGI
examinations in children who subsequently underwent a
Ladd procedure for suspected malrotation or volvulus.
Materials and methods We reviewed all children up to 21
years old who had undergone both a UGI examination and
a Ladd procedure for possible malrotation across 9 years.
Children were excluded if they had not undergone either a
UGI examination or a Ladd procedure and if congenital
abdominal wall defects were present.
Results Of 229 patients identified, 166 (59% male, median
age 67 days) were included. Excluded were 47 without a
UGI series, 12 with omphalocele or gastroschisis, 1 without
verifiable operative data, 1 who had not undergone a Ladd
procedure, and 2 older than 21 years. Of the 166 patients,
40% were neonates and 73% were <12 months old, and 31%
presented with bilious vomiting and 15% with abdominal
distention. Of 163 patients with surgically verified malrota-
tion, 156 had a positive UGI examination, a sensitivity of
96%. There were two patients with a false-positive UGI
examination and seven with false-negative examination.
Jejunal position was normal in six of the seven with a false-
negative examination and abnormal in the two with a false-
positive examination. Of 38 patients with surgically verified
volvulus, 30 showed volvulus on the UGI series. Five
required bowel resection and three died.
Conclusion Jejunal position can lead to inaccurate UGI
series interpretation. Meticulous technique and periodic
assessment of performance will help more accurately
diagnose difficult or equivocal cases.
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Introduction

Intestinal malrotation, a congenital disorder of abnormal
intestinal rotation and fixation within the peritoneal cavity,
is present in approximately 1 in 500 neonates at birth [1].
Malrotation predisposes afflicted individuals to the poten-
tially life-threatening condition of midgut volvulus, a
surgical emergency. The upper gastrointestinal tract (UGI)
examination is the gold standard for radiographic diagnosis
of malrotation and volvulus [2–4]. Although this diagnosis
is often straightforward, approximately 15% of UGI
examinations are equivocal and lead to false-positive or
false-negative interpretations [3].

The diagnosis of malrotation is usually made in the
neonate or young infant, with up to 75% of symptomatic
patients being neonates, and up to 90% being less than 1
year old [1–3, 5, 6]. Bilious vomiting with or without
abdominal distention are the classic clinical manifestations
of malrotation in newborns [2, 3, 7, 8]. Small-bowel
necrosis, short-gut syndrome, dependence on total paren-
teral nutrition and death are possible sequelae if diagnosis
and treatment are delayed. The literature and local practice
patterns differ as to what is considered normal variation and
what is considered abnormal malrotated small bowel. In
addition, the surgical description of malrotation can vary.
This confusion makes interpretation of the UGI series more
challenging, leading to uncertainty in its accuracy.

We undertook a retrospective analysis of children with
surgically proven malrotation to better understand our
performance and the difficulties of accurate diagnosis or
exclusion in children with clinically suspected malrotation.
We also report presenting symptoms, surgical management
and outcomes.

Materials and methods

Patient population

The Institutional Review Board approved this retrospective
study with a waiver of informed consent. We identified all
patients treated at one large Midwestern children’s hospital
between September 1996 and November 2005 by searching
the hospital admissions database for all patients with the
principle diagnosis code for malrotation and volvulus, and
for all patients with a current procedural terminology code
for Ladd procedure. These cases were cross-referenced with
a preexisting billing database maintained by the Pediatric
Surgery Department.

Patients were eligible for inclusion in the study if they
had received a UGI series prior to undergoing a Ladd
procedure. Exclusion criteria were (1) no UGI performed,

(2) no Ladd procedure performed, (3) data missing on items
1 or 2, (4) age greater than 21 years, and (5) presence of
congenital diaphragmatic hernia, omphalocele or gastro-
schisis. Patients with a UGI series performed at an outside
hospital/institution were included in the study when the
interpretations of the UGI examinations were documented
in the patient’s medical record. All patient-identifying
information was replaced with new unique patient numbers
to ensure protection of patient records.

UGI examinations

UGI examinations were performed with barium, which was
administered either orally or via a preexisting nasogastric
tube for some inpatients. A scout film of the abdomen was
obtained as part of the UGI studies prior to 2002, but it was
not a part of the standard protocol in the more recent
studies. Following left lateral and anteroposterior (AP)
pulsed fluoroscopic drinking films of the esophagus,
drinking was stopped and the patient was placed in the
right lateral position to empty the barium into the
duodenum. True lateral views of the entire duodenum were
obtained by most of the pediatric radiologists, and they
were acquired as pulsed fluoroscopic films or serial spot
images. The patients were then turned quickly onto their
back for true AP imaging of the duodenum, to document
the duodenal-jejunal junction (DJJ). For the UGI via
nasogastric tube studies, the infant or child was initially in
the right lateral position. The duodenum was imaged when
barium filled the entire duodenum, and then an AP image
was taken of the abdomen to document the position of the
DJJ. A 5-min delayed AP view was subsequently obtained
to assess gastric emptying, to look for gastroesophageal
reflux, and to demonstrate jejunal position and appear-
ance. Hard-copy films were filed in the patient’s film
jackets. After 2001, soft-copy images were sent to the
PACS.

UGI examinations were interpreted by all pediatric
radiologists within our group, based on routine work
schedule assignments. The interpretation of the UGI
examinations and assessment for malrotation reflected
individual radiologists’ preferences, and the majority of
reports documented position, orientation and conformation
of the stomach, duodenum, DJJ, jejunum, and cecum (if
small-bowel follow-through had been performed). UGI
examinations in this study performed at an outside hospital
were reviewed by our pediatric radiologists. Patients with a
UGI examination at an outside hospital were included in
this study when the radiographic impression was docu-
mented in their medical record. The prospective interpreta-
tions of both in-house and outside-hospital UGI studies
were documented in the patients’ medical records.
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Clinical and UGI series data collection and analysis

Two of the authors retrospectively reviewed the medical
records for pertinent data from clinical, radiographic and
surgical history including age, sex, presenting symptoms,
prior abdominal surgery, presence of congenital anomalies
or syndromes, radiographic findings, surgical management
and patient outcomes. Based on the prospective UGI
examination report, these coauthors tabulated diagnoses as
true-positive, true-negative, false-positive or false-negative
for malrotation and for volvulus. The gold standard for
these diagnoses was the prospective surgical findings. A
UGI study was considered positive for malrotation if the
UGI examination report included malrotation in the
differential diagnosis. One author remained blinded to
the UGI examination report and reviewed all false-negative
and false-positive UGI images to describe findings that
might have explained the misinterpretations.

The UGI examination reports were reviewed for the
presence of individual signs that suggested malrotation or
volvulus, including low position of the DJJ; DJJ not located to
the left of the left vertebral body pedicle; the suggestive but
nondiagnostic sign of jejunum on the right or of heterotaxy
syndrome with dextrogastria and jejunum on the left; duodenal
redundancy; duodenal distention; DJJ corkscrew appearance;
when available on delayed films, an abnormal position of the
cecum; and nonspecific findings on the UGI examination such
as gastric distention and gastroesophageal reflux.

Sensitivity was calculated to assess performance of the
UGI series in diagnosing malrotation. Tabulations and
calculations for volvulus were performed in the same
manner as for malrotation. All data were entered into
Microsoft Excel 2002, version 10, and calculations were
manually verified.

Results

Patient population

Based on the results of our admissions database query, we
identified 229 patients who were scheduled for or who

underwent a Ladd procedure. Of these, 63 were excluded
from the study: 47 had no UGI series performed, 3 had
omphalocele, 9 with gastroschisis had obligate malrotation,
1 had no Ladd procedure performed (a syndromic girl who
had too many other medical problems to risk abdominal
surgery), 2 were 21 years or older, and 1 had no data
available. The remaining cohort consisted of 166 patients
(Table 1), of whom 59% were male and 41% were female,
40% were neonates (the peak age for malrotation with
volvulus), and 74% were infants younger than 1 year. Their
median age at the time of the UGI examination was 67 days
(mean age 2.4 years, range newborn to 19 years).

Prior abdominal surgery and associated anomalies

Five patients had prior abdominal surgery (one Nissen
fundoplication, one umbilical hernia repair, two appendec-
tomies, and two gastrostomy tube placements). All five had
true-positive UGI examinations for malrotation and were
true-negative for volvulus (Table 2).

A number of patients had congenital anomalies or
syndromes: seven had Down syndrome (one had both Down
syndrome and duodenal atresia); six had heterotaxy syn-
drome (three dextrocardia, three dextrogastria); four had situs
inversus; five had duodenal atresia; duodenal web or annular
pancreas (one had both duodenal atresia and annular
pancreas); and one each with Cornelia de Lange syndrome,
Meckel diverticulum, cystic fibrosis, and prune belly syn-
drome. In the patient with Meckel diverticulum the UGI
study result was false-negative for malrotation. All other
patients with these congenital syndromes were accurately
diagnosed for malrotation and/or volvulus (Table 3).

Clinical presentations

The most frequent presenting symptom was emesis of any
type, at 59%. Bilious emesis was present in 31% of the
patients and was seen most frequently in neonates (37 of 66
neonates, 56%). Feeding intolerance and abdominal pain

Table 1 Demographics of 166 patients included

Age distribution, n (%) Neonate 66 (40)
2–12 months 56 (34)
>12 months 44 (27)

Gender, n (%) Male 98 (59)
Female 68 (41)

Age Mean 2.4 years
Median 67 days
Range 0–19 years

Table 2 Patients (n=5, all true-positive for malrotation) with prior
abdominal surgery

Procedure No. of
patients

Patient age

Neonate 2–12
months

>12
months

Nissen
fundoplication

1 0 0 1

Gastrostomy tube 2 0 1 1
Umbilical hernia
repair

1 0 0 1

Appendectomy 2 0 0 2
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were the second and third most frequent presenting
symptoms, at 27% and 15%, respectively (Table 4).

UGI series

Of the 166 patients, 115 had UGI examinations performed
at our institution and 51 had UGI studies at outside
hospitals that were reviewed and recorded in the medical
records. All UGI results were combined to provide a pooled
analysis of the 166 children included in this study. Based on
surgical reports, 163/166 (98%) patients were found to have
malrotation and 38/166 (23%) had volvulus at the time of
surgery.

At our institution, there were 7/115 (6%) false-negative
and 1/115 (1%) false-positive UGI study interpretations.
Among the 51 examinations performed at outside hospitals,
there were no false-negative interpretations and one (2%)
false-positive interpretation. Overall, there were 156/163
(96%) true-positive, 7/163 (4%) false-negative, and 2/163
(1%) false-positive UGI study interpretations for malrota-
tion (Table 5). Of the seven false-negative studies, five
(71%) were in children after the neonatal age (Table 6). Of
the false-positive studies, one was in a neonate and one in
an older infant. The sensitivity of the UGI series to
correctly diagnose malrotation both overall and at our
institution was 96%.

Table 3 Patients (n=25) with congenital anomalies or syndromes

Anomaly No. of
patients

Patient age UGI study result

Neonate 2–12
months

>12
months

True-
positive

True-
negative

False-
positive

False-
negative

n % n n n

Annular pancreas 1 1 0 0 1 100 0 0 0
Cornelia de Lange
syndrome

1 0 0 1 1 100 0 0 0

Cystic fibrosis 1 0 1 0 0 0 0 1 0
Dextrocardia 3 2 1 0 3 100 0 0 0
Dextrogastria 3 1 1 1 3 100 0 0 0
Down syndrome 7 1 3 3 6 86 0 1 0
Duodenal atresia 2 2 0 0 2 100 0 0 0
Duodenal web 2 2 0 0 2 100 0 0 0
Meckel diverticulum 1 1 0 0 0 0 0 1 0
Prune belly syndrome 1 1 0 0 1 100 0 0 0
Situs inversus 4 2 2 0 4 100 0 0 0

Table 4 Presenting symptoms in 166 patients prior to UGI series

Presenting symptom No. of
patients

Patient age UGI study result

Neonate 2–12
months

>12
months

True-
positive

True-
negative

False-
positive

False-
negative

n % n n n

Emesis of any type 98 46 28 24 93 95 1 3 1
Emesis, bilious 51 37 9 5 50 98 0 1 0
Feeding intolerance 44 19 19 6 41 93 0 2 1
Abdominal pain 25 2 1 22 25 100 0 0 0
Failure to thrive 13 1 8 4 11 85 0 2 0
Abdominal bloating/
distention

10 5 4 1 9 90 0 1 0

Bloody stools 6 2 1 3 6 100 0 0 0
Gastroesophageal reflux 6 0 6 0 6 100 0 0 0
Aspiration 5 2 2 1 4 80 0 1 0
Nausea 5 0 0 5 5 100 0 0 0
(incidental finding) 4 2 2 0 4 100 0 0 0
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The UGI series reports were reviewed for the presence of
individual signs that suggested malrotation (Table 7). The
UGI series showed the DJJ not left of the left pedicle in 54
of the 166 patients (33%; all true-positive for malrotation),
a low position of the DJJ in 23 patients (14%; 1 false-
positive for malrotation), a displaceable DJJ position in 4
patients (2%; all true-positive for malrotation), a corkscrew/
spiraling duodenum in 19 patients (11%; all true-positive
for malrotation), duodenal distention in 13 patients (8%; all
true-positive for malrotation), duodenal redundancy in 14
patients (8%; 11 true-positive, 1 false-positive and 2 false-
negative for malrotation), and gastroesophageal reflux in 40
patients (24%). In 30 patients (18%) the cecal position on
delayed films after the UGI series was reported, and was

considered abnormal in 26 of the 30 (87%). In 62 patients
(37%) an abnormal location of the jejunum was reported.
The jejunum was on the right in 56 of the 62 patients (2
false-positive for malrotation), and was abnormally posi-
tioned on the left in 6 with heterotaxy syndrome (all 6 true-
positive for malrotation).

False-negative results

There were seven patients with a false-negative UGI study
result. These patients had anatomy that overlapped with
normal anatomy or variants: 2 (29%) had duodenal
redundancy and 3 (43%) had a normal position of the
jejunum in the left abdomen, and yet 6 (86%) had the

Table 5 UGI study results in
relation to surgical diagnosis Patient group Diagnosis UGI study result Surgical diagnosis

Positive Negative

UGI study at our institution
(n=115, 69%)

Malrotation Positive 107 1
Negative 7 0

Total 114 1
Volvulus Positive 22 2

Negative 4 86
Undetermined 0 1

Total 26 89
UGI study at outside hospital
(n=51, 31%)

Malrotation Positive 49 1
Negative 0 1

Total 49 2
Volvulus Positive 8 0

Negative 4 39
Total 12 39

All patients (n=166, 100%) Malrotation Positive 156 2
Negative 7 1

Total 163 (98%) 3
Volvulus Positive 30 2

Negative 8 125
Undetermined 0 1

Total 38 (23%) 128

Table 6 UGI study results in
relation to patient age UGI study result Patient group Malrotation Volvulus

n % n %

True-positive All patients 156 100 30 100
Neonates 62 40 25 83
2–12 months 51 33 3 10
>12 months 43 28 2 7

False-negative All patients 7 100 8 100
Neonates 2 29 4 50
2–12 months 4 57 2 25
>12 months 1 14 2 25

False-positive All patients 2 100 2 100
Neonates 1 50 1 50
2–12 months 1 50 0 –
>12 months 0 – 1 50
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jejunum in the left abdomen on review of the images
(Table 8). Two studies showed an abnormality with distal
small-bowel distention but no malrotation. Cecal position
was not reported in these examinations. No other
abnormalities were reported for these seven UGI exami-
nations. On review of the UGI images in these seven
patients false-negative for malrotation, three had normal
lateral views, although these images were both oblique
lateral rather than true lateral position. Four had no lateral
view on the UGI study.

The following three case reports demonstrate some of
the difficulties in differentiating normal anatomic variants
from malrotation.

Images from the UGI series in an 11-month-old boy
showed a subtle redundant course of the duodenum to the
right of the spine prior to its course toward the left upper
quadrant (Fig. 1). The appearance of the duodenum was
similar to that seen in duodenum inversum. A subsequent
lateral image in this study showed a normal ascending
duodenum and DJJ at the level of the duodenal bulb
(Fig. 1). This study was interpreted as normal, although
malrotation and volvulus were found at surgery.

Images from the UGI series in a 14-year-old boy with
Down syndrome showed a redundant duodenum (Fig. 2).
The duodenum appeared to be in the right upper quadrant;
however, the DJJ was interpreted to be in the normal
position and the study was read as negative. Surgical
findings revealed a right paraduodenal internal hernia and
malrotation.

UGI images from the UGI series in a 2-week-old girl
showed a normal course of the duodenum and DJJ on the
first few views (Fig. 3), mimicking normal anatomy.
However, the duodenum was distended with barium and
the more distal bowel was air-distended. Malrotation with
volvulus, a partially formed ligament of Treitz and a

malpositioned cecum in the left upper quadrant were found
at surgery.

False-positive results

There were two patients with a false-positive UGI study
result. Both patients had a redundant duodenum, which in
one patient was also noted on the surgical report. Both
patients had the jejunum on the right, which is an
associated but nondiagnostic sign in malrotation. One of
the patients had stomach distention creating a low DJJ,
demonstrating how adjacent bowel distention can displace
the DJJ because of lax peritoneal ligaments in children
younger than 4 years (Fig. 4). Reviewing the UGI images
in these two patients false-positive for malrotation, one had
no lateral view and one had a normal lateral view.

Volvulus

There were overall eight false-negative and two false-
positive UGI studies for volvulus. Of 51 UGI series
performed at outside hospitals, 4 (8%) were false-negative
and none was false-positive. Of 115 UGI series performed
at our institution, 4 (3%) were false-negative and 2 (2%)
were false-positive. Overall, of 38 patients with volvulus,
30 (79%) had a true-positive UGI study result and 8 (21%)
had a false-negative UGI study result, and of 128 patients
without volvulus, 2 (2%) had a false-positive UGI study
result. The overall sensitivity for detecting volvulus on the
UGI series at this institution was 79%.

Surgical management and outcomes

Of the 166 patients, 5 (3%), all neonates, required bowel
resection, and 4 of these 5 had a true-positive UGI study

Table 7 UGI examination findings suggesting malrotation

Finding on UGI study Patients with finding UGI study result

n % True-positive True-negative False-positive False-negative

n % n n n

DJJ not left of left pedicle 54 33 54 33 0 0 0
DJJ “low” 23 14 22 13 0 0 1
DJJ displaceable to right 4 2 4 2 0 0 0
Duodenum – corkscrew appearance 19 11 19 11 0 0 0
Cecum abnormally positioned 26 16 26 16 0 0 0
Jejunum on right 56 34 54 33 0 0 2
Jejunum on left and heterotaxy 6 4 6 4 0 0 0
Duodenal redundancy 14 8 11 7 0 2 1
Duodenal distention 13 8 13 8 0 0 0
Gastroesophageal reflux 40 24 38 23 0 2 0
Stomach distention 8 5 7 4 0 0 1
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result and 1 a false-negative result. Two neonates and one
older infant died (3/166, 2%); all had a true-positive UGI
study result. No bowel perforations were reported.

Discussion

The sensitivities of the UGI series during a recent 9-year
period were 96% for detecting malrotation and 79% for
detecting volvulus. These results are consistent with the
sensitivities of the UGI series reported in the literature: 93%
[3, 9], 95% [1, 3], and 100% [3, 10] for the diagnosis of
malrotation, and 54% for the diagnosis of midgut volvulus

[3, 10]. In patients with an equivocal diagnosis or in whom
diagnosis is challenging there is often difficulty in
distinguishing anatomic normal variants from malrotation
[2, 3, 11], and the necessity for meticulous technique in
acquiring and interpreting the UGI series to accurately
differentiate normal anatomic variants from disease has
been recently emphasized [2, 3]. Improvements in tech-
nique have helped reduce the mortality of affected
newborns, which has improved from 30% in the 1950s
and 1960s to 3–5% more recently [3, 8, 12–15].

It is also important to note that malrotation of the bowel
is associated with a number of syndromes and anatomic
anomalies [3, 7, 16]. It is always present in children with

Fig. 1 False-negative UGI series in an 11-month-old boy with
abdominal distention and bilious emesis. a Frontal image demonstrates
barium passing through the duodenum and a subtle redundant course
of the duodenum to the right of the spine prior to its expected course
toward the left upper quadrant. Barium was injected through a

nasogastric tube with its tip located in the duodenal bulb. There are
dilated small bowel loops in the left upper quadrant. b Lateral image
shows barium ascending in a mildly anteriorly positioned posterior
fourth duodenal segment, as expected. Malrotation and volvulus were
found at surgery

Fig. 2 False-negative UGI series in a 14-year-old boy with Down
syndrome, air swallowing and nonbilious emesis. a, b Oblique lateral
images demonstrate a redundant duodenum with a subtly abnormal
course. Neither the duodenal descent nor the ascent (a) is parallel to

the spine. c Subsequent frontal image demonstrates the majority of the
duodenum and proximal small bowel in the right upper quadrant prior
to crossing over to the left upper abdomen. Malrotation with a right
paraduodenal internal hernia was found at surgery
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omphalocele, gastroschisis or congenital diaphragmatic
hernia, in whom a disruption of the normal positioning of
the developing gut occurs during fetal development.
Malrotation occurs fairly often in association with other
gastrointestinal abnormalities, especially jejunal and du-
odenal stenosis or atresia, annular pancreas and Hirsch-
sprung disease (congenital megacolon). Malrotation is also
very common in children with heterotaxy syndrome [17].

Strengths

This study represents a large descriptive series of children
who underwent a Ladd procedure for malrotation after UGI
series. Review of these patients allowed us to consider
helpful findings and common errors in false-negative and
false-positive findings to better understand why these
misinterpretations arise. These difficult cases provide
additional examples to assist in improving the performance
and interpretation of the UGI series. It is reassuring to find
that the sensitivity of the upper GI series in this study was
consistent with that reported in the literature. The majority
of patients in whom the diagnosis was missed had a subtle

abnormality in the course of the duodenum that was often
interpreted as a normal variation, which is also consistent
with reports in the literature [2, 3, 11].

Meticulous evaluation of the first pass of barium through
the duodenum is essential to document the DJJ position.
The initial true lateral view of the entire duodenum is of
particular importance in this regard. A normal duodenum
on the lateral view demonstrates caudal descent of the
second segment parallel to the spine, accompanied by
ascent of the forth segment, slightly anterior to the
descending duodenum. If the duodenum angles ventrally
at its most caudal point on the lateral view, it is leaving the
retroperitoneum and therefore is considered abnormal [18].

Of interest, the two patients with a false-positive UGI
study had the jejunum on the right, which might be an
important pitfall in overdiagnosing malrotation when this
finding is not accompanied by duodenal abnormalities on
the UGI series. Conversely, in six of the seven patients with
a false-negative study the jejunum was demonstrated or
reported to be located on the left side, which might have
falsely reassured the radiologist that there was no malrota-
tion. Katz et al. [19] noted that the jejunum was located in

Fig. 3 False-negative UGI series in a 2-week-old girl with nonbilious
emesis. The study was performed by injecting barium through a
nasogastric tube. The initial lateral view (a) and subsequent AP and
lateral views (b, c) show an apparently normal position of the

duodenum and DJJ. However, the duodenum is dilated and the
adjacent bowel is markedly air-distended. At surgery, the baby had
malrotation with volvulus, with a partially formed ligament of Treitz,
and the cecum was located in the left upper quadrant

Fig. 4 False-positive UGI series
in a 5-month-old boy with feed-
ing intolerance demonstrates
how the distended stomach dis-
places the DJJ in children
younger than 4 years. The
frontal view (a) appears to be
positive, with a low and some-
what rightward position of the
DJJ, whereas the lateral view (b)
demonstrates a normal posterior
descent and then more anterior
ascent of the distal duodenum.
Surgical exploration revealed a
normal bowel position
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the right upper abdomen in 1 of 43 children (2%) with a
normal UGI study versus 23 of 35 (66%) with a UGI study
indicating malrotation. The rarity of right-side jejunum in
normal individuals and its common appearance in patients
with malrotation make the interpretation of the UGI study
difficult in subtle or complex situations. If the findings of a
UGI study are unclear, it might be helpful to perform a
small-bowel follow-through or contrast enema to document
the cecal position or, when possible, repeat the UGI study
on a subsequent day.

Volvulus can be an intermittent phenomenon, as is
suggested by our results. The UGI studies had both false-
positive and false-negative results with a sensitivity of 79%
for this diagnosis, and the literature reports a sensitivity of
54% [3]. These results therefore are not surprising and
remind us of the limitations of comparing imaging with
surgical findings.

Limitations and suggestions for further research

Our study had several limitations. Our evaluation of the
nuances of the UGI series and operative reports was
restricted because it was retrospective, which introduces
selection bias. The number of UGI studies performed to
exclude the diagnosis of malrotation was not known and
was likely a large number. We limited the study to only
those UGI series in children who underwent a Ladd
procedure, our gold standard. This greatly diminished the
number of studies with a true-negative result and likely
artificially decreased the number with a false-positive
result.

The UGI series in this study have not been prospectively
interpreted using the criteria identified by Katz et al. [19];
however, this is planned. Katz and colleagues identified
nine criteria on UGI examinations to aid in distinguishing
normal from malrotation and abnormal positioning of the
duodenum and proximal jejunum. A control group of 43
patients (neonate to 17 years old) were studied by UGI
series to determine the position of key duodenal landmarks
and the mobility of the duodenojejunal flexure with manual
displacement. These results were compared with the
duodenal positions of 35 children of similar ages with
surgically confirmed malrotation. Nine criteria were iden-
tified as a useful means of detecting subtle abnormalities of
duodenal position. The normal duodenojejunal flexure was
found to be readily displaceable in neonates and could be
pushed to the right of the spine in more than two-thirds of
patients younger than 4 months. In those older than 4 years,
mobility was very limited. In their study, the presence of
three or more of the nine criteria indicated malrotation, the
presence of two criteria was equivocal, and the presence of
one criterion was likely normal, providing the cecum

location was also normal. In our study, the two patients
with a false-positive result had only one and two of the
Katz criteria, respectively, and therefore would not have
been considered positive by these criteria. On the prospec-
tive UGI reports, the seven patients with a false-negative
result had only two criteria in the UGI reports; yet the
images have not been reviewed to verify the value of these
criteria. Applying the Katz criteria to the findings in these
patients might provide additional insight as to why the
cases were misinterpreted.

Duodenal redundancy is cited in the literature as a subtle
sign of malrotation that overlaps with normal variation [11].
It was documented in 14 of 166 patients in our study, in 11
of whom the result was true-positive, yet the incidence of
duodenal redundancy in normal patients is not known.
Excluding nonoperative cases from our study eliminated
the possibility of studying the incidence of duodenal
redundancy in normal patients. We recommend investigat-
ing the incidence of duodenal redundancy, including its
course on the true lateral view as well as jejunal position, in
future research.

Conclusion

The conclusions from our study are not new, but confirm
what is taught to many radiologists and clinicians. In a
small but troubling percentage of patients with malrotation
the anatomy may overlap with normal variant anatomy. A
normal UGI series should include a true lateral view to
document the retroperitoneal position of the third and
fourth portions of the duodenum. A jejunum located in the
right abdomen might lead to a false-positive interpretation
and when located in the left abdomen might lead to a false-
negative result. Meticulous technique is essential to the
successful interpretation of a UGI study. When the results
are equivocal, consider either repeating the UGI series or
performing a small-bowel follow-through or a contrast
enema to document cecal position in order to avoid delay in
diagnosis of malrotation or unnecessary laparotomy in
children with normal anatomy.
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