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Abstract
Objectives To analyze the ability of upper gastrointestinal (GI) saline-contrast ultrasound (US) to detect neonatal annular pancreas.
Methods Sixty-two neonates, who presented duodenal obstruction and were examined by upper GI saline-contrast US before
treatment, were retrospectively analyzed and categorized into four groups according to their final diagnosis: group A, annular
pancreas (n = 28); group B, duodenal atresia (n = 2); group C, descending duodenal septum (n = 25); and group D, normal (n = 7).
The ultrasonic characteristics were analyzed that especially focused on whether the angle between the prestenotic and
poststenotic descending duodenum (at or below a derived cutoff) could identify neonatal annular pancreas.
Results To detect annular pancreas using the concave contour of the distal prestenotic duodenum, the sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) were determined at 71.4%, 100%, 100%, and 80.9%,
respectively. When using the hyperechogenic band around the constricted duodenum, the sensitivity, specificity, PPV, and NPV
were determined at 82.1%, 94.1%, 92%, and 86.5%, respectively. For using the 40.7° acute angle cutoff between prestenotic and
poststenotic descending duodenum, the values of sensitivity, specificity, PPV, and NPVwere determined at 100%, 97.1%, 96.6%,
and 100%, respectively, of which the area under the receiver operating characteristic curve was 0.979.
Conclusions Upper GI saline-contrast US has a lower possibility for misdiagnosis of neonatal annular pancreas when considering
the acute angle between the prestenotic and poststenotic descending duodenum.
Key Points
• This study includes the largest series of neonates with annular pancreas of which the characteristics were analyzed using the
upper GI saline-contrast US.

• Neonatal annular pancreas may be diagnosed by the characteristics—concave contour of the distal prestenotic duodenum;
acute angle cutoff of 40.7° between the prestenotic and poststenotic duodenum; the BS^ shape formed by the pylorus, the
duodenal bulb, and the prestenotic and poststenotic descending duodenum.

• The acute angle with the highest diagnostic value can be used to quantitatively diagnose neonatal annular pancreas and avoid
potential misdiagnosis caused by sonographers’ subjectivity.
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Abbreviations
AUC Area under the ROC curve
GI Gastrointestinal
NPV Negative predictive value
PPV Positive predictive value
ROC Receiver operating characteristic
US Ultrasound

Introduction

An annular pancreas surrounds completely or partially the de-
scending duodenum [1]. The explanation of the embryological
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development postulated by Hays et al [2] and Lecco [3] is that
one portion of the ventral pancreas adheres abnormally to the
ventral wall of the descending duodenum,while the other portion
attached to the choledochus migrates to the right, dorsally, and
then to the left of the descending duodenum, making the encir-
clement complete. Subsequent enlargement of the descending
duodenum surrounded by pancreatic tissue is improbable and is
followed by the development of the segment into duodenum
stenosis or atresia. Overall, the prevalence of annular pancreas
is approximately 1 in every 2000 persons [4, 5], and about half of
these show duodenal obstruction in the neonatal period [6].

Neonates with annular pancreas are affected by typical symp-
toms of duodenal obstruction, including vomiting, abdominal
distention, and feeding intolerance [7]. Additionally, neonatal
annular pancreas is frequently associated with Down syndrome,
intestinal atresia, intestinal septum, malrotation, imperforate
anus, Meckel’s diverticulum, and so on [8, 9]. In general, neo-
nates with annular pancreas and associated abnormalities require
urgent surgery after birth [7]. For this reason, an early and accu-
rate diagnosis of annular pancreas is crucial for predicting asso-
ciated abnormalities, determining the surgical procedure, and
decreasing postoperative morbidity and mortality [10, 11].

There are two main diagnosis tools that can be used to inves-
tigate duodenal-related abnormalities in neonates or fetuses. The
first tool includes the upper gastrointestinal (GI) barium-contrast
study, which is the first examination used to diagnose neonatal
duodenal obstruction by the Bdouble-bubble^ sign caused by a
dilating stomach and proximal duodenum [11]. However, while
the upper GI barium-contrast study can determine the extent of
duodenal obstruction, it is difficult to determine the pathological
patterns of the obstruction using this approach [12, 13]. The
second tool includes the prenatal ultrasound (US), which is the
main method used to diagnose fetal annular pancreas by the
Bdouble-bubble^ sign and hyperechogenic band, which is
equivalent to pancreatic tissue surrounding the descending duo-
denum [12, 14, 15]. However, only 56% of neonatal annular
pancreas cases show the Bdouble-bubble^ sign on prenatal US
images [7], and the prenatal US imaging is limited by gestational
age, movements, position, and low image contrast. Thus, it is
extremely difficult to diagnose annular pancreas by identifying
the hyperechogenic band using prenatal USs [16, 17].

Because of the shortcomings of the two above-mentioned
diagnosis tools, various studies have placed emphasis on post-
natal US (especially upper GI saline-contrast US) to diagnose
neonatal annular pancreas. These studies conclude that the ne-
onates with duodenal obstruction have a dilated stomach and
proximal duodenum on the US images, while neonates with
annular pancreas have a hyperechogenic band around the ste-
notic duodenum [8, 11, 18]. However, the hyperechogenic band
occurred only in limited cases [8, 11, 18, 19]. This is because
there is only a classic hyperechogenic band surrounding the
stenotic descending duodenum in some neonates that have a
thick circumferential annular pancreas [19]. In contrast, the

classic band is not clear in neonates that have a thin circumfer-
ential annular pancreas or an incomplete annular pancreas [19].
In addition, to the best of our knowledge, the previous studies
included fewer than five cases. Therefore, the value of postnatal
US for detecting neonatal annular pancreas is still equivocal as
larger studies are required. Our study’s aim is to analyze the
ability of upper GI saline-contrast US to detect neonatal annular
pancreas, and particularly thin circumferential and incomplete
annular pancreas, which is crucial to determine the required
surgical procedure and improve the patient’s prognosis.

Materials and methods

Between March 2016 and May 2018, a total of 62 neonates,
who presented duodenal obstruction and were examined by
upper GI saline-contrast US before treatment in our institu-
tion, were retrospectively analyzed and categorized into four
groups (A to D) based on their final diagnosis. Here, group A
included 28 neonates (15 boys and 13 girls, with a mean age at
birth of 37.43 ± 1.34 weeks, and a mean birth weight of
2523.57 ± 422.32 g) with a confirmed annular pancreas via
operation, of which 23 were diagnosed before the operation
with annular pancreas and of which five were originally
misdiagnosed with duodenal atresia; group B included two
neonates (one boy and one girl, with a mean age at birth of
36.50 ± 0.71 weeks and a mean birth weight of 2495.00 ±
205.06 g) confirmed with duodenal atresia but originally
misdiagnosed with annular pancreas before the operation;
group C included 25 neonates (14 boys and 11 girls, with a
mean age at birth of 37.76 ± 1.26 weeks and a mean birth
weight of 2638.00 ± 326.10 g) diagnosed and confirmed with
a descending duodenum septum; and group D included seven
neonates (two boys and five girls, with a mean age at birth of
38.71 ± 1.11 weeks, and a mean birth weight of 3020.00 ±
285.02 g) with normal ultrasonic and clinical results.

The institutional ethics committee’s approval was obtained
prior to this study. The possible adverse effects were fully
explained to all the parents, who signed informed consent
forms for the inclusion of their children in the study. The
following inclusion criteria had to be fulfilled: (1) patients
presenting with duodenal obstruction with a final diagnosis
of annular pancreas, duodenal atresia, duodenal septum, or
normal exam; (2) all imaging performed in our institution;
and (3) all surgical interventions performed in our institution.
The exclusion criteria were as follows: (1) patients with other
severe associated abnormalities; (2) patients lost to follow-up;
and (3) patients with other upper GI abnormalities.

The ultrasonic examinations were performed using an
Acuson 2000 (Siemens Healthineers) with a linear 9-MHz
transducer or an SSA-790A (Canon Medical Systems
Corporation) with a linear 7.5-MHz transducer. The procedure
of the upper GI saline-contrast US was as follows:
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& The gastric tube (6 Fr, Tianping) was placed into the neo-
nate’s stomach and used to first remove as much gas as
possible from the stomach and proximal duodenum before
the examination.

& Soothers were administrated when necessary.
& Before the fluid intake, neonates in the supine position

were examined by ultrasonic scans of the entire abdomen,
including the stomach, pylorus, duodenum, pancreas
head, jejunoileum, and colorectum.

& For the cases having a complete duodenal obstruction, less
than 60 ml of sterile water was used to dilate the neonate’s
stomach [20], and in view of the possibility of gastroesoph-
ageal reflux and possible aspiration in a vomiting neonate,
15 ml of saline in a 20-ml injector was used to dilate the
stomach—with a right-side-down position to enhance the
flow of fluid from the stomach into the duodenum.

& After the fluid intake, the neonates in the supine or right-
side-down position were examined with ultrasonic scans
of the entire abdomen.

& After the examination, the gastric tube was used to remove
as much saline as possible from the stomach and proximal
duodenum.

Clinical findings were recorded, and the characteristics of
upper GI saline-contrast US, especially the angle between the
two right lateral walls of the prestenotic and poststenotic de-
scending duodenum, were analyzed by two sonographers who
had 6 or 9 years of experience in diagnosing GI anomalies and
were blinded to the clinical findings.

In this study, the statistical analysis was performed using
the MedCalc program, version 18.2 (MedCalc Software). The
receiver operating characteristic (ROC) curve was used to
determine whether the angle between the prestenotic and

poststenotic descending duodenum could identify neonatal
annular pancreas. The area under the curve (AUC) was calcu-
lated as well and the optimal threshold determined.

Results

The diagnostic value of the ultrasonic characteristics in neonatal
annular pancreas is shown in Table 1. In group A (neonates
confirmed with annular pancreas), before saline intake, the ul-
trasonic images showed little fluid and some air in the stomach
and proximal duodenum, no fluid or air in the distal duodenum
and jejunoileum, but some meconium in the colorectum. After
saline intake, the images of the upper abdomen displayed a
dilated and hypertrophic stomach and proximal duodenum
(Fig. 1a). The concave contour of the distal prestenotic duode-
numwas found in 20 neonates diagnosedwith annular pancreas
before the operation (Fig. 1b). For these neonates, at the level of
the pancreas head, the descending duodenum was remarkably
constricted (Fig. 1b). Furthermore, for the 23 neonates diag-
nosedwith annular pancreas, a hyperechogenic bandwas found
that partially (12 of the 23) or completely (11 of the 23)
surrounded the constricted duodenum (Fig. 1c). And for the
five neonates misdiagnosed with duodenal atresia, a classical
hyperechogenic band was not evident. An acute angle between
the prestenotic and poststenotic descending duodenum was
found for all 28 neonates (mean angle, 21.25 ± 9.78°; range,
5.0–40.7°, Fig. 2a). The special BS^ shape was formed by the
pylorus, the duodenal bulb, and the prestenotic and poststenotic
descending duodenum (Fig. 2a).

During the examinations, little fluid in the poststenotic de-
scending duodenum was found in 26 neonates of group A,
while the dilation of the poststenotic descending duodenum

Table 1 Diagnostic value of the ultrasonic characteristics in neonatal annular pancreas

Surgical findings

Ultrasonic features Positive (n = 28) Negative (n = 34) Sensitivity (n) Specificity (n) PPV (n) NPV (n)

Gastroduodenal dilation

Positive (n = 55) 28 27 100% (28/28) 20.6% (7/34) 50.9% (28/55) 100% (7/7)

Negative (n = 7) 0 7

Concave contour

Positive (n = 20) 20 0 71.4% (20/28) 100% (34/34) 100% (20/20) 80.9% (34/42)

Negative (n = 42) 8 34

Hyperechogenic band

Positive (n = 25) 23 2 82.1% (23/28) 94.1% (32/34) 92% (23/25) 86.5% (32/37)

Negative (n = 37) 5 32

BS^ shape

Positive (n = 30) 28 2 100% (28/28) 94.1% (32/34) 93.3% (28/30) 100% (32/32)

Negative (n = 32) 0 32

PPV positive predictive value, NPV negative predictive value
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was revealed in two neonates of group A, whose ultrasonic
images displayed a septum in the lumen of the distal duode-
num (Fig. 3a). The transverse images of the upper abdomen
showed in one neonate the rotation of the superior mesenteric
vein winding around the superior mesenteric artery (Fig. 3b);
no other GI malformations were seen on the images.

During surgery, the 23 neonates diagnosed with annular
pancreas were found with pancreatic tissue surrounding the
constricted duodenum partially (3 of the 23) or completely (20
of the 23), and most of the circumferential annular pancreases

were extremely thin. For the five neonates originally
misdiagnosed with duodenal atresia, the pancreatic tissue
was surrounding the descending duodenum partially. In addi-
tion, associated GI anomalies were found during operation,
including malrotation in one case, duodenal septum in two
cases, and Meckel’s diverticulum in three cases. All of the
28 neonates underwent diamond-shaped duodenoplasty, of
which six underwent subsequent procedures, such as Ladd’s
procedure, septum resection, or Meckel’s diverticulum resec-
tion. The neonates had no reoperation or complications during
a follow-up period of 2–20 months after treatment.

In group B (neonates with duodenal atresia, but originally
misdiagnosed with annular pancreas), after saline intake, the
images of the upper abdomen showed gastroduodenal dila-
tion, a hyperechogenic band partially surrounding the con-
stricted descending duodenum, an acute angle (14.7° and
43.3°) between the prestenotic and poststenotic descending
duodenum (Fig. 2b), and the special BS^ shape (Fig. 2b).
During surgery, the two neonates were found to have duode-
nal atresia with significant adhesion to the surrounding tissue,
followed by diamond-shaped duodenoplasty.

In group C (neonates diagnosed and confirmed with a de-
scending duodenum septum), the images of the upper abdo-
men displayed gastroduodenal dilation, a flat contour of the
distal prestenotic duodenum, a septum in the lumen of stenotic
descending duodenum (Fig. 2c), absence of a hyperechogenic
band surrounding the stenotic duodenum, and an obtuse angle
between the prestenotic and poststenotic descending duode-
num (mean angle, 159.51 ± 10.35°; range, 140.1–177.5°, Fig.
2c). During surgery, duodenotomy was longitudinally per-
formed at locations where a septum was observed, then ex-
cised circumferentially, and finally transversely closed.

In group D (neonates with normal ultrasonic and clinical
results), the images displayed the saline flowing normally
from the stomach into the distal duodenum, with the descend-
ing duodenum elongated and straight (Fig. 2d). Finally, these
seven cases were diagnosed without any GI abnormalities and
released from the hospital in good condition.

A ROC analysis of the angle between the prestenotic and
poststenotic duodenum was performed to discriminate be-
tween neonates with and without annular pancreas. These re-
sults showed an AUC of 0.979 and an optimal threshold value
of 40.7° for the angle (Fig. 4).

Discussion

The obtained images during this study of all the cases of du-
odenal obstruction showed a dilated and hypertrophic stom-
ach and proximal duodenum. A possible explanation is that
the persistent dilation of the stomach and proximal duodenum
might have resulted in the degeneration of smooth muscle and
enteric neurons, which are similar in characteristics in regard

Fig. 1 The ultrasonic images of a 3-day-old neonate with annular pancre-
as after 15 ml of saline intake by a gastric tube. Panel a shows an axial
scan of the upper abdomen showing the dilated stomach and proximal
duodenum with the wall thickening (highlighted by two solid lines in the
schematic drawing). Panel b shows an oblique scan of the upper abdomen
showing the dilated proximal duodenum, concave contour of the distal
prestenotic duodenum, stenotic descending duodenum, and the tissue of
the annular pancreas anterior and posterior to the stenotic descending
duodenum (highlighted by a solid line or a shaded area). Panel c shows
an axial scan of the stenotic descending duodenum showing a
hyperechogenic band equivalent to the encircling tissue of annular pan-
creas (highlighted by a shaded area). LIV, liver; ST, stomach; DD, dilated
proximal duodenum; RK, right kidney; AO, abdominal aorta; CC, con-
cave contour; SD, stenotic descending duodenum; AP, annular pancreas;
SV, splenic vein; SPINE, spine; P, pancreas; SMV, superior mesenteric
vein; SMA, superior mesenteric artery

Eur Radiol (2019) 29:2902–2909 2905



to those found in megaduodenum [11, 21]. Similarly, Chen QJ
et al [11] demonstrated that duodenal obstruction was diag-
nosed from the evident dilation and hypertrophy of the stom-
ach and proximal duodenum.

In this study, we concluded that the concave contour of the
distal prestenotic duodenum could be used to diagnose cir-
cumferential annular pancreas. However, the obtained results
did not show the concave contours on the images of incom-
plete annular pancreas. The reason may be that—in view of
circumferential pancreatic tissue surrounding the descending
duodenum—with saline intake, the lumen of the distal

prestenotic duodenum presented a concave contour, similar
to the shape of a funnel.

Our results also showed that the circumferential or incom-
plete hyperechogenic band could be used to diagnosemost cases
of annular pancreas, which is a similar finding found in a study
by Peschka et al [22]. However, in our study, the number of
circumferential annular pancreases diagnosed by US was lower
than the number confirmed by subsequent surgery. This may be
because the circumferential pancreatic tissue was too thin to be
completely identified by US. More importantly, five cases of
incomplete annular pancreas were not accurately diagnosed by
US, but they were misdiagnosed as duodenal atresia instead.
Our findings indicated that it was difficult to identify the
hyperechogenic band in neonates with thin circumferential or
incomplete annular pancreas by US, which is comparable to the
finding of a study by Vijayaraghavan [19]. Furthermore, we
concluded that duodenal atresia might be misdiagnosed as an-
nular pancreas by an incomplete hyperechogenic band around
the atresic duodenum, and the possible reason for this misdiag-
nosis was severe adhesion around the atresic duodenum. Our
conclusion was different from the study byDankovcik et al [14],
where it was found that all the annular pancreases could be
diagnosed using the hyperechogenic band, which was difficult
to misinterpret other structures with. The reason for the differ-
ence may be that not only rare cases of annular pancreas but also
prenatal routine USs were considered in their study.

The acute angle cutoff of 40.7° between the prestenotic and
poststenotic duodenum and the BS^ shape formed by the pylo-
rus, the duodenal bulb, and the prestenotic and poststenotic
descending duodenum—with the acute angle as the most

Fig. 2 The ultrasonic characteristics of a descending duodenum in
neonates with or without annular pancreas. In panel a, ultrasonic images
of a 3-day-old neonate with annular pancreas are shown. Here, an oblique
scan of the upper abdomen is illustrated showing an acute angle between
the two right lateral walls of the prestenotic and poststenotic descending
duodenum, the BS^ shape formed by the pylorus, the duodenal bulb, and
the prestenotic and poststenotic descending duodenum (highlighted by an
arc or a solid line). Then in panel b, the ultrasonic images of a 2-day-old
neonate with descending duodenal atresia are shown. Here, an oblique
scan of the upper abdomen is illustrated showing an acute angle between
the two right lateral walls of the prestenotic and poststenotic descending
duodenum, the BS^ shape formed by the pylorus, the duodenal bulb, and
the prestenotic and poststenotic descending duodenum (highlighted by an
arc or a solid line). In panel c, the ultrasonic images of a 3-day-old neonate
with descending duodenal septum are shown. Here, an oblique scan of the
upper abdomen is illustrated showing an obtuse angle between the
prestenotic and poststenotic descending duodenum and a septum in the
lumen (highlighted by an arc or two solid lines). Finally, in panel d, the
ultrasonic images of a 6-day-old neonate with a normal exam are shown.
Here, an oblique scan of the upper abdomen is illustrated showing the
elongated and straight descending duodenum (highlighted by two solid
lines). PY, pylorus; DB, duodenal bulb; PRD, prestenotic descending du-
odenum; POD, poststenotic descending duodenum; A, angle; P, pancreas;
IVC, inferior vena cava; SMV, superior mesenteric vein; SMA, superior
mesenteric artery; LRV, left renal vein; LRA, left renal artery; RK, right
kidney; AO, abdominal aorta; SPINE, spine; PV, portal vein; SE, septum;
ND, normal duodenum

R
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valuable characteristic—could be used to diagnose annular pan-
creas. The reasoning for this can be explained by two explana-
tions. The first explanation is that during the embryological
development of annular pancreas, the ventral pancreas
encircling partially or completely the descending duodenum
migrates from the right of the duodenum to the left following
the choledochus prior to the eighth week of gestation [2, 3].
Then, the portion of descending duodenum encircled by the
pancreatic tissue may gradually shift to the left following the
left shift of the ventral pancreas, which might then be followed

by an angle formation between the proximal and distal descend-
ing duodenum. Then, the second explanation is that during the
first 8–12 weeks of gestation, the enlargement of the
surrounded descending duodenum is improbable, while the en-
largement of the prestenotic and poststenotic duodenum caused
by vacuolization and recanalization of the duodenum keeps
getting more significant [8], especially in the prestenotic duo-
denum. As a result, the angle between the prestenotic and
poststenotic duodenum keeps getting smaller, and the special
BS^ shape is formed.

The acute angle between the prestenotic and poststenotic du-
odenum and the BS^ shape were also found in the two cases of
descending duodenal atresia in this study (group B). Although
the embryological development of the acute angle and BS^ shape
in neonates with descending duodenal atresia was still not clear,
the operation method of the descending duodenal atresia was
consistent with that of annular pancreas [23].

The three cases of Meckel’s diverticulum associated with
annular pancreas were not diagnosed by the preoperative US;
instead, they were found via surgery. This was comparable to
the results from Pepper et al [24], who concluded that it was
relatively difficult to reveal Meckel’s diverticulum without
any complications by US. Additionally, in most cases, no
complications such as diverticulitis and intussusception oc-
curred in patients with Meckel’s diverticulum.

To our knowledge, our study included the largest series of
neonates (28 in total) with annular pancreas where the char-
acteristics were analyzed using upper GI saline-contrast US.
What is more, we specifically selected the cases of descend-
ing duodenal atresia, descending duodenal septum, and nor-
mal exam versus annular pancreas, because the causes of
descending duodenal obstruction included mainly duodenal
atresia, duodenal septum, annular pancreas, preduodenal

Fig. 3 The gastrointestinal abnormalities associated with annular
pancreas. In panel a, the ultrasonic images of a 3-day-old neonate
with descending duodenal septum are shown. Here, the oblique scan
of the upper abdomen shows a septum in the lumen. In panel b, the
ultrasonic images of a 1-day-old neonate with malrotation are shown.

Here, the axial scan of the superior mesentery artery shows the rota-
tion of the superior mesenteric vein (white arrow) winding around the
superior mesenteric artery (black arrow). D, duodenum; SE, septum;
IVC, inferior vena cava; AO, abdominal aorta; RK, right kidney;
SPINE, spine

Fig. 4 The receiver operating characteristic (ROC) curve of the angle
between the prestenotic and poststenotic duodenum for the diagnosis of
annular pancreas. The ROC curve showed the area under the curve
(AUC) at 0.979 (95% confidence interval, 0.906 to 0.999) and the optimal
threshold at 40.7°. The sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were 100% (95%CI, 87.7 to
100.0%), 97.1% (95% CI, 84.7 to 99.9%), 96.6% (95% CI, 80.2 to
99.5%), and 100%, respectively
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portal vein, and malrotation [25], where the latter two may
have more typical anatomical abnormality [11, 26].
Additionally, it is sometimes difficult to find the
hyperechogenic band, so we emphasized for the first time
that neonatal annular pancreas could be diagnosed by spe-
cific characteristics, including the concave contour of the
distal prestenotic duodenum, the acute angle cutoff of
40.7° between the prestenotic and poststenotic duodenum,
and the BS^ shape. From these, particularly, the acute angle
has the highest diagnostic value, and it may be used to
quantitatively diagnose neonatal annular pancreas and avoid
potential misdiagnosis caused by sonographers’ subjectivity.
Finally, we also tried to find associated GI abnormalities
from the images of the entire GI tract.

During upper GI saline-contrast US, the measurement of the
angle between the prestenotic and poststenotic duodenum
might be mildly affected by the severity of prestenotic duodenal
dilation. Furthermore, the ultrasonographic criteria for neonatal
annular pancreas were not sufficient for diagnosis with the lim-
ited cases, and thus, it is still necessary to assess the diagnostic
value of the acute angle in a large number of cases.

Conclusions

Upper GI saline-contrast US can be used to diagnose neonatal
annular pancreas by the characteristics of a dilated stomach
and proximal duodenum, concave contour of the distal
prestenotic duodenum, circumferential or incomplete
hyperechogenic band, acute angle between the prestenotic
and poststenotic descending duodenum, and the BS^ shape
formed by the pylorus, the duodenal bulb, and the prestenotic
and poststenotic descending duodenum. Particularly, the acute
angle cutoff of 40.7° with the highest diagnostic value could
quantitatively analyze the characteristic of neonatal annular
pancreas, particularly in cases with a thin circumferential or
incomplete annular pancreas.
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