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Abstract: Intestinal malrotation is a critical condition in pediatric patients that requires accurate and timely diagnosis.
Ultrasonography is a non-invasive imaging modality frequently used to diagnose this condition. Objective: To evaluate
ultrasonography's diagnostic accuracy and safety for detecting intestinal malrotation in pediatric patients. Methods: This
retrospective study was conducted at Lahore General Hospital from January 2023 to January 2024. The study included children
who underwent ultrasound for suspected malrotation during this period. Ultrasounds were performed by pediatric sonographers
and interpreted by radiologists. The ultrasound examination was deemed indeterminate if normal anatomy was not delineated or
the diagnosis was not confirmed. Data were analyzed to determine the sensitivity and specificity of ultrasonography in diagnosing
intestinal malrotation. Results: Ultrasound examinations were performed on 230 patients for suspected malrotation. The mean age
of the participants was 1.4 years. Among these, 61.7% (142) were neonates, with 36% (51/142) presenting on the first day of life.
218 (94.7%) patients had normal ultrasound findings, with no false-negative results reported. Malrotation was diagnosed through
ultrasound in 7 (3%) patients, two of whom had associated malrotation. Five out of these seven patients were neonates. No false-
positive results were reported after surgical confirmation. Additionally, 5 (2.17%) patients had indeterminate ultrasound findings.
The sensitivity and specificity of ultrasonography for diagnosing intestinal malrotation were 100%. Conclusion: The study
concludes that ultrasonography is a safe, accurate, and effective diagnostic tool for intestinal malrotation in pediatric patients. It

is a feasible option for clinical practice due to its high diagnostic accuracy and non-invasive nature.
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Introduction

Intestinal malrotation and midgut volvulus are potentially
devastating complications. A population-based study
showed intestinal malrotation decreases with age, with 15 in
1 million children <1 year and 10 in 1 million children aged
1to 2 years.(1). The investigation of choice for intestinal
malrotation is the upper gastrointestinal contrast study
(UGICS) (2, 3). UGICS has high sensitivity but can
decrease in the case of volvulus. UGICS exposes patients to
ionizing radiation hazards and has a 15% false positive rate
and a 3% false negative rate. Literature shows that
ultrasound (US) imaging is a valuable tool for the diagnosis
of malrotation but has a high false negative rate of 30%(4,
5). Previously, the diagnosis of malrotation was based on
the principle of the inverse relationship between the superior
mesenteric artery and the superior mesenteric vein. This is
now considered unreliable because gas-filled bowel loops
can obscure the relationship of vessels. Some studies
suggest that ultrasound can be used to diagnose malrotation
depending on the positioning of the duodenum. However,
the sample size of these studies is small; thus, the results
can’t be generalized.(4, 6)This study evaluates the
diagnostic accuracy and safety of ultrasonography for
intestinal malrotation in pediatric patients.

Methodology

The retrospective study was conducted in Lahore General
Hospital from January 2023 to January 2024. The study
included children who underwent ultrasound for suspected
malrotation during the study period. Demographic details
and clinical data related to malrotation, imaging, and
surgical outcomes were extracted from patients’ records.
The ethical board of the hospital approved the study.

All ultrasounds were performed by pediatric sonographers
and interpreted by radiologists. The US was used to identify
the superior mesenteric artery and superior mesenteric vein.
A contracted medium (water) was used to trace the
duodenum’s entire course. The child was placed supine, and
the scan was conducted on the transverse plane. A
nasogastric tube was used to administer fluid bolus. After
identifying the pylorus, the first part of the duodenum (D1)
was determined by tracing the path of the liquid bolus. The
transducer was moved superiorly to identify the second part
(D2). The fluid bolus then passes into the third part (D3),
which is medially between the aorta and superior mesenteric
vessels. The transducer was then moved superiorly to the
origin of the superior mesenteric artery to identify DA4.
Extension of D4 till the origin of the superior mesenteric
artery indicates normal duodenojejunal flexure. It is
essential to adequately fill the stomach and monitor the
peristaltic wave to ensure that the continuous loop is being
scanned. The redundant loops make it challenging to trace
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the entire course. It may be essential to scan back and forth
till the fluid bolus appears in the next part. Recording the
bolus passage helps prove a continuous loop and delineate
duodenal anatomy. The ultrasound examination was
considered indeterminate if normal anatomy was not
delineated or diagnosis was not confirmed.

SPSS version 23.0 was used for data analysis. Inferential
and descriptive statistical analysis was conducted.
Continuous data was presented as mean, standard deviation,
and categorical data as frequency and percentage.
Specificity and sensitivity were calculated.

Results

Two hundred thirty patients underwent ultrasound for
suspected malrotation (Table I). The mean Age of the

Table I Age-wise distribution of ultrasonic findings

Age Malrotation on ultrasound
Yes Indeterminate
Child (>1 year) 2 1
Infant 0 1
Neonate 5 3
Total 7 5

Abnormal
ultrasound

participants was 1.4 years. 61.7% (142) patients were
neonates, with 36% (51/142) presenting at day 1 of age.
218 (94.7%) patients had regular ultrasound study. None of
these patients underwent explorative laparoscopy
/laparotomy or had recurring symptoms. No false negative
results were reported.

Seven (3%) patients had malrotation diagnosed through
ultrasound examination; two of these had associated
malrotation. Five of the seven patients were newborns.
Surgery was performed in all these patients, and diagnostic
findings were confirmed by operative findings. No false
positives were reported.

5 (2.17%) patients had indeterminate ultrasound findings.
These five patients underwent an upper gastrointestinal
contrast study, and no evidence of malrotation was found.
Sensitivity and specificity were 100%. Results are
summarized in Figure I.

No Total
47 50

37 38
134 142
218 230

Laparotomy/I

7 aparoscopy

. Indeterminate
Total patients
Ultrasound

contrast study

230
5

Normal

Ultrasound

218

Upper
gastrointestial

7

Negative
BN malrotation

\[e]3}

operativem

anagement
5

5

Non operative
management

218

Figure I Summary of clinical outcomes and ultrasound examination

Discussion

Intestinal malrotation and volvulus are major health
concerns, and it is essential to diagnose any child who
presents with bilious vomiting in a timely. Upper
gastrointestinal contrast study (UGICS) is the gold standard
for investigating intestinal malrotation. On UGICs, the
presence of proximal jejunal loops on the right side of the
abdomen, duodenojejunal flexure to the right, and whirlpool
sign associated with volvulus are defining features of
malrotation. However, it may yield false positive or false
negative results, especially in children with lax ligaments,

scoliosis, splenomegaly, and gastric dilation(7). Ultrasound
has been suggested as a valuable adjunct to diagnose
malrotation. Notably, the intestinal whirlpool sign and the
inverse relationship of the superior mesenteric artery and the
superior mesenteric vein are cited as accurate diagnostic
features(8, 9). However, the inverse relationship between a
superior mesenteric artery and the superior mesenteric vein
alone is not a reliable marker(10). Previous studies showed
that the whirlpool sign and delineation of normal anatomy
in ultrasound is a productive way of diagnosing malrotation;
however, water as a contrast medium was not used in that
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study due to the risk of tracing adjacent loops (11, 12). In
this study, we used water as a contrast medium for
identifying the relationship of the superior mesenteric artery
and vein, the entire course of duodenum until and
duodenojejunal flexure, and the whirlpool sign for volvulus.
The retro mesenteric transverse course of D3 between the
aorta and superior mesenteric artery indicates normality and
rules out malrotation. In this study, all positive ultrasound
diagnoses of malrotation were confirmed by surgery,
indicating no false positive results; this was in line with the
findings of a previous study, which suggested ultrasound is
a productive tool for accurate diagnosis of intestinal
malrotation(13). 95% of patients with routine ultrasounds
did not undergo surgery or presented with symptoms that
indicated a correct diagnosis. This validates the
effectiveness of ultrasound in diagnosing malrotation.
2.17% of patients with indeterminate findings who
underwent UGIC were subsequently proven damaging for
malrotation. This indicates the usefulness of ultrasound in
reducing radiation hazards. Our study's results align with a
previous cohort study on the efficacy of ultrasound for
managing suspected malrotation, which reported 100%
specificity and sensitivity of ultrasound(14). The majority
of the participants in our study were neonates, and
ultrasound was performed at the bedside, which diminished
the risk of hypothermia and ionizing radiation associated
with radiography. A previous study suggested that
ultrasonography is a safe diagnostic method with high
accuracy and can be used in clinical practice(15).
Nevertheless, there are reasons, such as the limited ability
of physicians to interpret the results and operator
dependency, due to which this procedure is not widely
accepted. However, real-time recording of ultrasound
images and delineating duodenal anatomy using water as a
contrast medium makes ultrasound findings reliable.

Conclusion

It is concluded that ultrasound is a safe and productive
investigation for diagnosing intestinal malrotation and is
feasible to adopt in clinical practice.
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