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Abstract

Background: Clinical diagnosis of malrotation is difficult to achieve, especially in older children and adults as its nonspecific pre-
sentations at this stage are usually neglected leading to delayed diagnosis of these cases.
Objectives: In this study, we aimed to evaluate the diagnostic values of ultrasound and upper gastrointestinal (GI) series in patients
with suspected intestinal malrotation.
Patients and Methods: This six-year cross-sectional, prospective study was conducted in Dr. Sheikh Children’s Hospital affiliated to
Mashhad University of Medical Sciences, Mashhad, Iran from 2009 to 2015. Totally, 67 children (aged < 15 years) with clinical findings
of intestinal malrotation who had evidence of malrotation in ultrasound or upper GI series were enrolled in the study. Results of
radiological evaluation were compared to the final diagnosis of patients achieved from surgery. Data analysis was performed using
SPSS software.
Results: Of the 67 enrolled participants with clinical findings or suspected radiological signs of intestinal malrotation, about half
(52.2%) were male. Patients were 2 days to 16 years (mean, 2.5 years) old. Associated anomalies were observed in 47.7% of cases.
Sensitivity and specificity were 82.5% and 85.7%, respectively for GI series findings and 82.3% and 54.5%, respectively for ultrasound
compared with surgical findings as a gold standard.
Conclusion: Ultrasound has a similar diagnostic value compared to upper GI series. They are complementary examinations and
negative ultrasound or GI series results do not necessarily rule out intestinal malrotation. Mesenteric vessels ultrasound could be
used as more specific diagnostic method for the detection of intestinal rotational disorders.
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1. Background

During normal fetal abdominal development, the
three divisions of the GI tract (foregut, midgut, and
hindgut) herniate out from the abdominal cavity. Af-
terwards, they undergo a 270° counterclockwise rotation
around the axis of the superior mesenteric vessel. Fol-
lowing this rotation, the bowels return to the abdominal
cavity, which results in the fixation of the duodenojejunal
junction to the left side of the midline and the placement
of the cecum in the right lower quadrant.

Intestinal malrotation refers to any variation in the
normal process of rotation and fixation of the GI tract.
Complete arrest in the normal process of development
(nonrotation) results in the placement of the duodeno-
jejunal junction on the right side of the spinal column,
while the total colon lies in the left abdomen. Malrota-
tion is an incomplete bowel rotation that leads to abnor-

mal position of the duodenojejunal junction and cecum.
This wide range of abnormalities leads to various acute
and chronic presentations of the disease (1, 2). Since this
disease is often associated with acute symptoms such as
acute midgut volvulus, catastrophic risk of ischemia, and
midgut gangrene, it must be considered as a serious sur-
gical emergency and must be immediately diagnosed and
the patients should undergo surgery prior to development
of midgut gangrene (3).

In a study performed in Hawaii, the occurrence of in-
testinal malrotation was reported to be 2.8 cases per 10,000
live births (4). Although intestinal malrotation usually oc-
curs over the first months of life, it can present in later
stages of life resulting in a more convoluted diagnostic
process and its possible drawbacks (5, 6).

To prevent the loss of a long segment of the small intes-
tine caused by midgut volvulus, malrotation should be im-
mediately ruled out in any neonate with bilious vomiting,
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and urgent operative interventions must be carried out in
case of any risk of volvulus.

Evaluation of the upper gastrointestinal series (UGI) is
a diagnostic method for intestinal malrotation. However,
it seems that this method is not accurate enough to detect
malrotation and midgut volvulus. Nowadays, other diag-
nostic methods, such as ultrasonography and computed
tomography (CT) scan are recommended for detection of
intestinal malrotation (7, 8).

Although abdominal ultrasonography is suggested as
a diagnostic screening test, contrast-enhanced imaging
evaluations (preferably of the upper-gastrointestinal tract)
must be performed in suspected cases to rule out malrota-
tion (8). Other diagnostic methods, such as magnetic reso-
nance imaging (MRI), which is used to detect malrotation
or volvulus are not often suitable in acute cases (9).

2. Objectives

In this study, we aimed to evaluate the diagnostic val-
ues of abdominal ultrasonography and GI series in pa-
tients with suspected intestinal malrotation.

3. Patients and Methods

This six-year, prospective, cross-sectional study was
conducted by two skilled pediatric radiologists on 67 chil-
dren (aged < 15 years) with clinical and radiographic find-
ings of malrotation in Dr. Sheikh Children’s hospital affili-
ated to Mashhad University of Medical Sciences, Mashhad,
Iran from 2009 to 2015. Sixty-seven children underwent
surgery, 54 had upper GI series, and ultrasound study was
conducted in 55 patients.

In our hospital, ultrasound was the first diagnostic
modality in the evaluation of abdominal complaints. If
ultrasonographic findings of malrotation were observed
and clinical findings were compatible with sonographic
findings, especially in the presence of whirlpool sign and
bilious vomiting, surgery was planned. As some cases
with malrotation were asymptomatic or had vague com-
plaints and inversion of the mesenteric vessels could be
an incidental finding, upper GI series was performed in
these cases to confirm the diagnosis. In few patients with
suspected clinical symptoms and signs and normal ultra-
sound findings, upper GI series was also done.

Gray-scale ultrasonography was performed using
sonographic 7.5 - 12 MHz linear and 3.5 MHz curved probes.
The subjects were scanned in the supine position with
the transducer positioned in the midline of the anterior
upper abdomen for detecting the location and direction
of mesenteric vessels. Graded compression ultrasound

from the sub-xiphoid to the umbilical region is necessary
in almost all children which enables us to have a better
visualization of the position of mesenteric vessels. So
performing graded compression during inspiration and
between two crying sounds (sobs) especially when the
child is calm and relaxed is an important technique that
should be taken into consideration in pediatric abdominal
ultrasonography. Owing to this technique, ultrasound
scanning takes less time than what is needed for upper GI
series.

The superior mesenteric artery (SMA) was identified
along with its echogenic walls, originating from the ante-
rior wall of the aorta. The superior mesenteric vein (SMV)
was localized by tracing the portal vein confluence and
moving caudally until the direction of mesenteric vein was
identified.

Sonographic findings of malrotation including inver-
sion of mesenteric vessels, abnormal pathway of mesen-
teric vessels, duplication of the mesenteric vein and ante-
rior position of the mesenteric vein relative to mesenteric
artery were assessed (Figure 1).

Radiologic signs of malrotation such as abnormal loca-
tion of ligamentum teres (duodenojejunal junction), and
abnormal position of jejunum and cecum (Figure 2) were
also evaluated and compared with clinical and surgical
findings. Data analysis was performed using statistical
package for the social science (SPSS) version 16. T-student
test was used to compare quantitative variables such as
age. Spearmen correlation test was assessed to find asso-
ciation between ultrasound and GI series results. P value
less than 0.05 was considered as significant.

4. Results

Totally, among 67 evaluated children with clinical pre-
sentations and radiological signs of suspected intestinal
malrotation, 35 (52.2%) were male. The mean age of the
participants was 2.5 years ranging from 2 days to 15 years.
Forty-five (67.2%) cases were younger than 2 years, eight
(11.9%) were between 2 and 5 years and fourteen (20.9%)
were older than 5 years. The mean age in patients diag-
nosed as malrotation by different methods is shown in Ta-
ble 1.

Table 1. Mean Age of Participants (Months) Diagnosed as Malrotation by Different
Methodsa

Method of imaging Malrotation Other diagnoses P value

Abdominal ultrasound 37.4 ± 52.4 17.9 ± 32.9 0.065

Gastrointestinal series 40.0 ± 54.6 24.3 ± 36.3 0.213

aValues are expressed as mean ± SD
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Figure 1. Gray-scale ultrasonography was performed, using sonographic 7.5 - 12 MHz linear and 3.5 MHz curved probes. The subjects were scanned in the supine position
with the transducer positioned in the midline of the anterior upper abdomen. Graded compression sonography was performed for detecting the location and direction of
mesenteric vessels. The superior mesenteric artery (SMA) was identified along with its echogenic walls, originating from the anterior wall of the aorta. The superior mesenteric
vein (SMV) was localized by tracing the portal vein confluence and moving caudally until the direction of the mesenteric vein was identified. A, The abnormal pathway of
mesenteric vessels toward front and above in right diaphragmatic hernia cases. B, The abnormal anterior position of the SMV and SMA in a patient with choledochal cyst. C,
Left sided SMV and whirlpool sign in midgut volvulus.

Figure 2. Radiologic findings of malrotation and midgut volvulus. A, Low location of duodenojejunal junction, corkscrew appearance of the duodenum and jejunum, and
right side position of the jejunum. B, Abnormal position of the cecum below the transverse colon is seen.

No significant difference was observed in the mean age
of patients with malrotation diagnosed with ultrasonogra-
phy and those diagnosed by other methods (P = 0.065). In
addition, no significant difference was found between the
mean age of patients with malrotation in GI series and chil-
dren with other diagnoses (P = 0.213). No significant differ-
ence was observed in the mean age of patients with final
diagnosis of malrotation and those with other diagnoses
(P = 0.233).

After surgery, 57 patients (85%) had the final diagno-
sis of malrotation. No sign of malrotation was observed
in 10 patients in surgery. These 10 cases were normal or
had other disorders, including annular pancreas, duode-
nal web, jejunal atresia, diaphragmatic hernia, adhesion
and concomitant closed loop, internal hernia and chole-
dochal cyst. Associated disorders were observed in half of
the patients.

Among 67 subjects, volvulus was observed in six (8.9%)
patients. Whirlpool sign was found in five patients with
volvulus resulting from malrotation and in one patient
with adhesion related obstruction. Evaluation of the diges-
tive system with GI series was performed in 54 children. Re-
sults obtained from UGI series and ultrasonography evalu-
ation are presented in Table 2.

Sensitivity and specificity of GI series results were 82.5%
and 85.7%, respectively. On the other hand, positive and
negative predictive values of GI series evaluation were 97%
and 46%, respectively. Ultrasound sensitivity and speci-
ficity were 82.3% and 54.5%, respectively. Moreover, positive
and negative predictive values for ultrasound were 89.4%
and 40%, respectively. The correlation between ultrasound
and GI series results is showed in Figure 3.

No significant correlation was observed between the
results of ultrasound and UGI series (r = 0.095, P = 0.495).
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Table 2. Results from GI Series and Abdominal Ultrasound Evaluation in the Detec-
tion of Rotational Anomaly in Children

Final diagnosis of the patients

Malrotation Other diagnoses

Gastrointestinal series

Presence of radiologic signs of
malrotation

33 1

Lack of radiologic signs of
malrotation

7 6

Ultrasound

Presence of ultrasound signs of
malrotation

42 5

Lack of ultrasound signs of
malrotation

9 6

UGI.dx

U
S.
d
x

1.00                               1.50                                2.00                                 2.50                                3.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

Figure 3. Correlation between the results of ultrasound and gastrointestinal series
evaluation. upper gastrointestinal series (UGI).

Significant correlation was found between the results of
UGI series evaluation and gender (r = 0.253, P = 0.039),
while this association was not observed in the results ob-
tained from ultrasound.

5. Discussion

Intestinal malrotation is a congenital anomaly that
must be considered in all children at any age with symp-
toms of small intestinal obstruction or chronic abdomi-
nal pain, especially when they do not respond to treatment
(8). To prevent acute or chronic and long-term complica-
tions such as volvulus and chronic intestinal obstruction
in these patients, early and accurate diagnosis is manda-
tory (9-11).

In acute conditions, diagnostic methods such as CT
scan or MRI, which are used sometimes to detect malrota-

tion or volvulus, are not suitable as the first-line diagnostic
method (12). It seems that ultrasonography, if performed
by an experienced sonographer, is suitable for screening
and ruling out other causes of vomiting, intestinal ob-
struction, abdominal pain, and malrotation.

In the majority of centers and studies, an integration of
clinical and radiological findings is the diagnostic method
of choice. The key finding is the abnormal location of
the upper gastrointestinal tract found in urgent UGI fluo-
roscopy, which is performed at the presence of an experi-
enced pediatric surgeon or radiologist (13).

The relationship between malrotation and other
anomalies was demonstrated in the current study and
some other studies (14, 15). In the present study, nearly half
of the cases had malrotation-associated anomalies.

In a study conducted by Orzech et al. the sensitivity and
specificity of ultrasound in the diagnosis of malrotation
was reported as 86.5% and 74.7%, respectively (6). In the cur-
rent study, the final diagnosis of 57 cases (85%) was malro-
tation. Ultrasound sensitivity in the diagnosis of malrota-
tion was 82.3% and its specificity was 54.5%. Positive and
negative predictive values of ultrasonography were 89.4%
and 40%, respectively. According to the results, 10 patients
had no sign of malrotation in surgery. These cases were
normal or had other associated disorders. It was revealed
that inversion of the mesenteric vessels is not a character-
istic of rotational disorders and this finding could be ob-
served in some normal cases and other intestinal anoma-
lies including Bochdalek hernia, annular pancreas, jejunal
atresia, choledochal cyst, duodenal web, internal hernia,
adhesion and concomitant closed loop. So in patients with
this finding in ultrasound and suspected clinical symp-
toms of malrotation, UGI series should be done as a confir-
matory test. In our study, inversion of mesenteric vessels in
ultrasound was the most common finding of malrotation.

The diagnostic value of whirlpool sign was significant
in the detection of midgut volvulus in studies performed
by Pracros and Chao (7, 8). This sign was not specific for ro-
tational disorders and was found in one patient with ad-
hesion and concomitant closed loop. In our study, among
67 samples, six (8.9%) had volvulus. Whirlpool sign was
noted in five patients with volvulus resulting from malro-
tation and in one patient with adhesion and concomitant
obstruction. In addition, rotation of mesenteric vessels in
all volvulus cases was clockwise.

In the present study, sensitivity of GI series results was
82.5% and the specificity was 85.7%. Positive and negative
predictive values of GI series evaluation were 97% and 46%,
respectively. However, this does not mean that negative re-
sults of GI series evaluation ruled out malrotation in the
subjects.

In a study carried out by Nayak in 2014, GI series evalua-
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tion led to the diagnosis of malrotation in 78% of suspected
premature neonates (16). In another study conducted in
2000, false negative malrotation results were observed in
15% of the cases using GI series evaluation (17). In a former
study, contrast-enhanced evaluation of the upper gastroin-
testinal system detected malrotation in 41% of the patients,
while assessment with barium enema led to detection of
this diagnose in 34% of the patients. In another study per-
formed in 2008 in America, although high sensitivity of GI
series evaluation was confirmed in the detection of intesti-
nal malrotation, this method did not have proper speci-
ficity and diagnostic value (18). In a study performed by Tor-
res et al. 95% sensitivity and 86% specificity was reported
for upper GI series in malrotation diagnosis (19).

Table 3 shows sensitivity and specificity of upper GI se-
ries and ultrasound in some studies. Little discrepancy
might be due to different sample sizes in the mentioned
studies.

Table 3. Comparison of Sensitivity and Specificity of Upper Gastrointestinal (GI) Se-
ries and Ultrasound in Different Studiesa

Studies/Ref Upper GI Series Ultrasound

Sensitivity Specificity Sensitivity Specificity

Torres et al.
(19)

95 86 - -

Sizemore et
al. (18)

96 - - -

Nayak et al.
(16)

78 - - -

Orzech et al.
(6)

86.5 74.7

Current study 82.5 85.7 82.3 54.5

aValues are expressed as %

It seems that the most important limitation of GI series
was lack of accurate evaluation of duodenojejunal junc-
tion on first pass of barium from C loop of the duodenum.
Diagnostic accuracy of GI series was improved in patients
with normal variations of jejunum and duodenum (20, 21).

According to the results of the current study, sensitiv-
ity and specificity of ultrasound were higher in the detec-
tion of malrotation and midgut volvulus, compared to GI
series. Our results show that ultrasound has a similar accu-
racy compared to GI series and considerably, it avoids expo-
sure to ionizing radiation. High sensitivity of ultrasonog-
raphy in the diagnosis of malrotation and midgut volvu-
lus in our study and other similar studies reveals that these
critical cases can be easily diagnosed with ultrasonogra-
phy. Attention to normal variations of mesenteric vessels
without a doubt increased the specificity of ultrasound ex-
amination.

Normal variations in mesenteric vessels such as ante-

rior location of the cranial part of superior mesenteric vein
(SMV) relative to SMA and duplication of SMV in the cranial
part and abnormal pathway of mesenteric vessels should
be considered to prevent over diagnosis of malrotation
(22).

Lack of radiation exposure as well as convenience of
performing ultrasonography at the patient’s bed makes it
the most accurate method for diagnosis of intestinal mal-
rotation, though evaluation of mesenteric vessels is rec-
ommended as an essential component of abdominal ultra-
sonography in children.

In conclusion, ultrasound has a similar diagnostic
value compared to upper GI series. They are complemen-
tary examinations and negative ultrasound or GI series
alone does not necessarily rule out intestinal rotation.
Mesenteric vessel ultrasonography could be used as more
specific diagnostic method for the detection of intestinal
rotational disorders.
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