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Background: The annular pancreas is a rare congenital disorder of the pancreas first recognized in 1818. It is believed to result from faulty rotation
of the ventral pancreatic bud in its course around the posterior aspect of the duodenal anlage. The duodenum is encircled and might be obstructed
by normal pancreatic tissue. The management of the annular pancreas is still developing and under revision. Case Presentation: Six cases of
neonatal intestinal obstruction secondary to the annular pancreas diagnosed, operated on, and involved in our study. Age, gender, maturity, age at
referral, birth weight, clinical presentation, imaging findings, associated congenital anomalies, treatment, complications, and hospital stay were all
studied. Polyhydramnios is found in 3 cases (50%). Down syndrome was diagnosed in one case. One patient has associated malrotation. Symptoms
started earlier within the first 24 hours. Vomiting was bile stained in 4 cases (66.7%). Passing meconium, sometimes frequent, does not exclude the
annular pancreas. Most patients show double bubbles sign on plain abdominal X-ray. All six neonates were treated with duodenoduodenostomy with
excellent results. Survival was 100% and complications were minimum. Conclusion: The annular pancreas, although rare, is an important cause
of neonatal duodenal obstruction. The accurate diagnosis is usually performed during laparotomy. Vomiting may contain bile or not, furthermore,
passing meconium does not exclude this condition. The best and the excellent surgical option is diamond duodenoduodenostomy. This case series
might be added to the registered cases of the annular pancreas to standardize the method of diagnosis and to define the best management.
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Baldwin (1910): The annular pancreas is due to failure of

atrophy of the left component of the ventral pancreatic

anlage which maintains a true ventral connection(®

2. Lecco: The ventral pancreas adhered to surrounding
tissues at its site of origin within the ventral mesogastrium
maintaining a true ventral connection®'"

3. Verga (1972): The first abnormality is duodenal with

the pancreas “filling the space” around a narrowed

duodenum.!!

INTRODUCTION L.

The annular pancreas is a rare congenital disorder of the
pancreas, first recognised by Tiedman in 1818 and named
by Ecker in 1862.['1 Three varieties of pancreatic fusion
anomalies are identified: pancreas divisum, annular
pancreas and portal annular pancreas.’! The pancreas
is formed by two buds, dorsal and ventral, originating
from the endodermal lining of the duodenum. When the
duodenum rotates to the proper, the ventral bud moves

dorsally to lie just inferior and behind the dorsal bud.!®
The Annular pancreas is thought to result from abnormal
rotation of the ventral pancreatic bud in its course around
the posterior aspect of the duodenal anlage. The duodenum
is encircled and might be obstructed by normal pancreatic
tissue.l”! Three theories try to explain the development of
the annular pancreas.
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The cause of congenital duodenal obstruction may be
intrinsic or extrinsic.!'"? The most common cause of duodenal
obstruction is atresia (1 in 5.000-10.000).1'3 The annular
pancreas occurs in 1 in 20,000 births. In children, it is more
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commonly associated with other congenital anomalies
including Down syndrome, cardiac anomalies, duodenal atresia
or stenosis and intestinal malrotation.!'¥ When diagnosed in
utero, the most common presentation is polyhydramnios due
to duodenal obstruction.l'! The clinical significance relates
primarily to an intrinsic duodenal obstruction, typically with
bilious vomiting.'">) When the annular pancreas presents in
childhood, it tends to be severe, presenting at a median age
of 1 day.!!! The diagnosis is usually made by the presence
of a double bubble of air on a plain abdominal radiograph,
but it can be confirmed by upper gastrointestinal series that
demonstrate duodenal obstruction.!'!

Patients aND MEeTHODS

Medical records of all cases of duodenal obstruction, admitted
in the neonatal care unit at Basrah Children Specialty Hospital
from January 2016 to January 2020, were retrospectively
reviewed. Basrah Children Specialty Hospital is a tertiary
hospital within the south of Iraq with neonatal surgical
services. Congenital duodenal obstruction was encountered
in 34 neonates. Duodenal atresia was found in 12 cases.
Malrotation without volvulus and with volvulus is found in 10
and 4 cases, respectively. Annular pancreas is seen in 6 cases
only. Malrotation, associated with congenital diaphragmatic
hernia or congenital abdominal wall defects, was excluded.

Six neonates were diagnosed with the annular pancreas,
operated on and involved in our study. Age, gender,
maturity, age at referral, birth weight, clinical presentation,
imaging findings, associated congenital anomalies, treatment,
complications and hospital stay were all studied.

This study was approved by the University of Basrah/Alzahraa
College of medicine and Basrah health directorate.

Case RePorTs

The following six case reports illustrate the annular pancreas
as a cause of neonatal intestinal obstruction.

Case 1 (2020)

A 6-day-old male neonate, a product of full-term vaginal
delivery presented with nonbilious vomitus since the 2™ day
of life. The patient passed a little amount of meconium
with no subsequent stool thereafter. There was mild upper
abdominal distention after feeds. He was active, alert and
afebrile. Mother was multipara with good antenatal care.
The birth weight was 2.8 kg. The prenatal ultrasound was
normal. Physical exam revealed no facial dysmorphism,
no cyanosis, no pallor, but mild dehydration. The abdomen
displayed normal fullness with neither visible peristalsis
nor a mass. Plain abdominal X-ray showed high intestinal
obstruction and contrast follow-through showed no contrast
beyond the duodenum consistent with duodenal obstruction.
The abdominal ultrasound and echocardiogram were normal.
Through a transverse right supraumbilical incision, he
underwent a duodenoduodenostomy for the annular pancreas

causing a duodenal obstruction. The patient was discharged
home after 8 days with a simple wound infection.

Case 2 (2018)

A 3-day-old male neonate, a product of full-term vaginal
delivery of uneventful pregnancy. He presented with
bile-stained vomiting after 1 day of birth with failure to pass
meconium. The abdomen was not distended. The patient
developed jaundice on the 2™ day with total serum bilirubin of
250 mmol/dl and was treated with phototherapy. Furthermore,
he developed a frequent attack of cyanosis, although the
echocardiogram was normal. The birth weight was 1.9 kg.
A plain abdominal X-ray showed high intestinal obstruction.
Laparotomy was done and an annular pancreas was confirmed.
It was associated with malrotation. Duodenoduodenostomy
with Ladd procedure was done. The patient was discharged
home after 9 days. He continued complaining from bile-stained
vomiting and was treated conservatively. The vomiting
subsided after about 3 months.

Case 3 (2018)

A 4-day-old female neonate, a product of full-term vaginal
delivery. The pregnancy was complicated with polyhydramnios.
Her family consulted a paediatric surgeon for frequent
bile-stained vomiting for a few hours of birth. The patient passes
frequent small amounts of meconium. Physical examination
was unremarkable except mild jaundice. He had obvious
upper abdominal distension. The birth weight was 2.8 kg.
Laboratory investigations were normal. A plain abdominal
X-ray demonstrated a double bubble sign. A contrast meal
showed complete duodenal obstruction. The echocardiogram
was normal. Laparotomy was done and an annular pancreas
was found. Duodenoduodenostomy was done. The patient was
discharged home after 10 days with no complications.

Case 4 (2017)

A 4-day-old male neonate, a product of full-term vaginal
delivery to a para 6 + 0 mother. The pregnancy was
uncomplicated. He presented with bile-stained vomiting within
the 1% day of life. The patient did not pass meconium. He
developed mild jaundice after the 2" day with progressively
decreased feeding and poor activity. The birth weight was
2.5 kg. Physical examination was unremarkable other than
the facial characteristic of trisomy 21. The abdomen was
not distended. Laboratory investigations were normal except
indirect hyperbilirubinaemia. A plain abdominal X-ray
demonstrated a double bubble sign. The abdominal ultrasound
and echocardiogram were normal. Laparotomy was done
on the next day and an annular pancreas was discovered.
Duodenoduodenostomy was done. The patient was discharged
home after the 9" day effortlessly.

Case 5 (2017)

A 4-day-old male neonate, a product of full-term vaginal
delivery to a para 3 + 0 mother. The pregnancy was
complicated with polyhydramnios. He presented with
bile-stained vomiting since the 1% day after birth. The patient
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passed small amounts of meconium. Physical examination
revealed a vigorous neonate with mild dehydration but reduced
urine output. He had obvious upper abdominal distension.
The birth weight was 3 kg. Lab investigations were normal
apart from anemia (Hb% =8.2). A plain abdominal X-ray
demonstrated a double bubble sign. The echocardiogram
was normal. Laparotomy, after correction of dehydration and
anemia, was done and an annular pancreas was confirmed.
Duodenoduodenostomy was done. The patient was discharged
home after 12 days well.

Case 6 (2016)

A 12 h female neonate, a product of vaginal delivery. The
pregnancy was complicated with polyhydramnios. She
presented with nonbile-stained vomiting since the 1% day of
birth with a gastric aspirate of 25 ccs. The patient did not pass
meconium. Physical examination was unremarkable other
than mild jaundice. He had mild upper abdominal distension.
The birth weight was 2.4 kg. Laboratory investigations were
normal. A plain abdominal X-ray demonstrated a double bubble
sign. The echocardiogram was normal. Laparotomy was done
and an annular pancreas was found. Duodenoduodenostomy
was done. The child was discharged home after 9 days with
no complications.

Table 1: Demography of neonates with annular pancreas

Cases Age at referral Sex Birth Maturity
(days) weight (kg)

1 6 Male 2.8 Term

2 3 Male 1.9 Preterm
3 4 Female 2.8 Term

4 4 Male 2.5 Term

5 4 Male 3 Term

6 0.5 Female 2.4 Term

ResuLts

Details about the demography, presentation, associated
anomalies and mode of diagnosis, treatment and prognosis
are illustrated in Tables 1-3.

Discussion

Six cases of neonatal intestinal obstruction secondary to the
annular pancreas were studied. The diagnosis of duodenal
obstruction was easy with the aid of clinical and radiological
studies, but the differentiation of the annular pancreas from
other causes of duodenal obstruction was rather difficult and
usually assured during operation. Polyhydramnios was found
in 3 cases (50%). Male was affected more than female with a
ratio of 2:1. In one study, the male gender recorded in 10 from
22 paediatric patients with an annular pancreas.!”’ The same
study!'” showed that the mean birth weight was 2285.2 + 675 g,
while, the present study revealed that the mean birth weight was
2566 g (range: 1.9-3 kg). In a study of 152 annular pancreas
cases; Wang D et al. stated that the association of annular
pancreas and low birth weight could be due to the failure of
amniotic fluid absorption in the gastrointestinal tract in addition
to pancreatic insulin secretion impairment.!'¥! Down syndrome
was diagnosed in one case (16.7%), while Yigiter et al. reported
that 8 of 22 (36.3%) patients had trisomy 21.1'" One patient has
associated malrotation (16.7%). In a review of seven cases of the
annular pancreas by Sencan et al.; the most frequent associated
anomaly was intestinal malrotation (42.8%).'" The mean age at
referral was 3.6 days (range12 h— 6 days) but findings of duodenal
obstruction were evident earlier within the 1* 24 h. A report of
11 cases of the annular pancreas by Li et al. showed that the age
of patients ranged from 1 to 13 days (mean 4.2 days).*” Only
one patient was preterm (16.7%), Jimenez et al. declared that
Four of sixteen patients (25%) were premature.?!! Vomiting was
nonbilious in only 2 cases (33.3%)). Yigiter ef al.l'” and Jimenez

Table 2: Presentation and associated anomalies of annular pancreas

Cases  Polyhydramnios Vomiting Meconium Upper distension  Jaundice Others Associated anomalies
1 No Nonbilious  Infrequent/small ~ Mild Absent Absent
2 No Bilious No No Moderate/phototherapy ~ Cyanosis ~ Malrotation
3 Yes Bilious Frequent/small Mild Mild Absent
4 No Bilious No No Mild Down syndrome
5 Yes Bilious Frequent/small Obvious Absent Anaemia  Absent
6 Yes Nonbilious ~ No Mild Mild Absent
Table 3: Diagnosis, treatment, and prognosis of annular pancreas
Cases X-rays Operation Complications Survival Hospital stay (day)
1 High intestinal obstruction Duodenoduodenostomy Wound infection Yes 8
2 High intestinal obstruction Duodenoduodenostomy Vomiting Yes 9
Ladd procedure
3 Double bubble Duodenoduodenostomy No Yes 10
4 Double bubble Duodenoduodenostomy No Yes 9
5 Double bubble Duodenoduodenostomy No Yes 12
6 Double bubble Duodenoduodenostomy No Yes 9
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Sae

black arrow =stomach

blue arrow = duodenum

Figure 3: Operative illustration of annular pancreas

et al.®! reported that the vomiting was nonbilious in 59% and
94% of patients, respectively. Sencan et al.I"! found in their study
that of the seven cases reviewed, two (28.57%) having partial
duodenal obstruction, Jimenez ef al.*"! in their study of sixteen
cases, they found that the obstruction of the duodenum was
partial in 69% of patients while in our study complete duodenal
obstruction was present in all patients. Passing meconium,
sometimes frequent, does not exclude the annular pancreas. In
our study, two cases (33.3%) passed frequent small amounts of
meconium. No abdominal distension was encountered apart from
mild upper abdominal fullness. Mild indirect hyperbilirubinaemia
is common in cases of upper intestinal obstruction, although one
neonate developed moderate jaundice requiring phototherapy.
The diagnosis was done with plain abdominal X-rays which
showed a characteristic double bubbles sign in four cases [Figure
1] and a picture of high intestinal obstruction in the remaining
two cases. Yigiter et al.l' and Sencan et al." studies reported
the presence of typical double bubbles sign in 90.9% and 100%,
respectively. Water-soluble upper gastrointestinal series was done
in two patients and showed no contrast beyond the duodenum
consistent with duodenal obstruction [Figure 2].

upper gastrointestinal series
red arrow = stomach

blue arrow = site of obstruction
Figure 2: Contrast meal and follow through shows duodenal obstruction

Diamond Anastomosis
(A) Completed posterior wall anastomosis ( back arrow), sites for anterior anastomosis (blue|

arrows), (B) Completed anterior ar is ( arrow)

Figure 4: Operative illustration of diamond duodenoduodenostomy

The treatment of the annular pancreas is surgical. Its aim is the
relief of the duodenal obstruction. For this, various procedures
are being used.

1. Division of a portion of the annular pancreas: this
approach has many disadvantages. It harbors a risk of
pancreatitis, pancreatic or duodenal fistula.?>*! Direct
division of the annular pancreas should be avoided
because this does not address the underlying intraluminal
duodenal obstruction, and there is a significant risk of
injury to the accessory pancreatic duct!'-!!

2. Gastrojejunostomy or duodenojejunostomy with Roux en
Y loop.2*%I They are associated with peptic ulcer and the
risk of anastomotic ulcer suggest the need for a procedure
like a vagotomy which reduces acid secretion by the
stomach.®?! These complications lead to the reluctance
of many paediatric surgeons to perform these procedures

3. Duodenoduodenostomy. The best and commonly used
procedure nowadays with fewer complications.['-*!622

In the present study, the six neonates were treated
with duodenoduodenostomy with excellent results
[Figures 3 and 4]. Kimura et al.”*® stated that diamond-shaped
duodenoduodenostomy provided early functioning wide
anastomosis with the avoidance of a blind loop. Excellent results
have been obtained after laparoscopic duodenoduodenostomy
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done by Li et al. for 11 neonates with the annular pancreas.”
Survival was 100% and complications were minimal. One patient
continued suffering from repeated vomiting but improved after
3 months. A simple wound infection occurred in one patient.
The reported survival rate was 100% in three studies,!'*?!]
and (63.6%) in one study.l'” The average hospitalisation
reported by three studies: Yigiter et al.,l' Sencan et al.,!"”
and Jimenez et al.?Y were (24.1 £ 15.5 days), (22 + 1.8 days)
and (24.0 days), respectively. In this study, the mean of hospital
stay was 9.5 days.

The prognosis of patients with annular pancreas depends
largely upon the age of presentation.?”’ In infants and children,
the prognosis largely depends on the associated congenital
abnormalities.?"? The low incidence of associated congenital
anomalies in the present study may reflect the 100% survival
rate. In addition, this outcome indicates the recent advances in
both anesthetic and intensive care of surgical neonates.

CoNncLuSION

The annular pancreas, although rare, is an important cause
of neonatal duodenal obstruction. The accurate diagnosis
is usually performed during laparotomy. Vomiting may
contain bile or not, furthermore, passing meconium does not
exclude this condition. The best and excellent surgical option
is diamond duodenoduodenostomy. This case series might
be added to the registered cases of the annular pancreas to
standardise the method of diagnosis and to define the best
management.
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