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Congenital variants of the pancreas are being increasingly detected with the widespread

use of modern imaging techniques. The underlying embryologic aberration predicts the
final appearance of pancreatic development. It is essential to recognize these congenital
variants, as many of these have been proven to be associated with pancreatic diseases like
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Introduction

With the advent of multidetector computed tomography
(MDCT) and magnetic resonance cholangiopancreatography,
the modern radiologist comes across many imaging findings
not pertaining to the primary diagnostic question. Such
variants, albeit not commonly seen, impose important diag-
nostic dilemmas regarding their reporting and management.
Many such variants are recognized in pancreatic imaging,
which are discussed in the following sections.

Embryology of the Pancreas

As the embryonic development enters its 5th week, the
pancreas starts developing. The main contribution occurs
from dorsal (cranial) and ventral (caudal) buds that arise
from the foregut.! In the 4th week, the ventral bud arises
along with the hepatic diverticulum, while the dorsal bud
arises somewhat rostral to it. During the 6th week, the dorsal
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recurrent pancreatitis and chronic abdominal pain. Cross-sectional techniques like multi-
detector computed tomography and magnetic resonance cholangiopancreatography are
the most used imaging techniques for the pancreas, where a radiologist comes across these
variants. This pictorial aims to classify the type of variant anatomy of the pancreas, their
imaging appearances, and their clinical significance.

bud elongates and grows into the dorsal mesentery. The
ventral pancreas and bile duct rotate counterclockwise
posterior to the duodenum, and the two components fuse
around 7 weeks (=~Fig. 1). Each component has its own ductal
drainage, draining into the duodenum. After the fusion of the
buds, it is also followed soon by the fusion of the pancreatic
ducts in the region of the pancreatic head. The whole of the
ventral pancreatic duct and the distal part of the dorsal
pancreatic duct in the body and tail form the main pancreatic
duct (Wirsung), while the accessory duct (Santorini) forms
the rest of the dorsal duct.

Congenital variants of the pancreas can be broadly divided
into those involving the ductal system and those involving
the pancreatic parenchyma (~Fig. 2).

Variation in Course

The pancreatic duct course can be of the following types—
descending—most common, sigmoid course, and vertical and
loop course (=Figs. 3 and 4).
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Fig. 1 (A) Development of ventral and pancreatic buds. The ventral
bud differentiates into liver bud (L), biliary tree (B), and the

ventral pancreatic bud (VP). Dorsal bud forms the dorsal pancreatic
bud (DP). (B) Counterclockwise rotation of ventral pancreas, along
with bile duct. (C) The ventral and dorsal pancreatic buds come

to lie next to each other, with each having their own ductal system.
(D) The buds fuse. (E) Communication develops between the two
ductal systems. (F) The main pancreatic duct of Wirsung (pink)
develops from the ventral duct while the proximal dorsal duct forms
the duct of Santorini (blue).

Variations in Configuration
The configurations of the ductal system can be divided into
the following types (~Fig. 5).

* Bifid pancreatic duct with dominant duct of Wirsung—the
most common and classical configuration.

Dominant duct of Santorini without divisum.

Absent duct of Santorini.

Pancreas divisum (PD).

Bifid configuration of distal main pancreatic duct.

Ansa pancreatica (=Fig. 6)—duct of Santorini hooks
around the duct of Wirsung, which joins one of its side
branches. Embryologically, instead of the two ducts
merging, there is a loop that connects the inferior
branches of the ventral and dorsal ducts.? Since the
main pancreatic duct and side branch meet at a sloping
angle in ansa pancreatica, there is inadequate pancreatic
juice drainage, which leaves patients susceptible to
pancreatitis.’

Pancreas Divisum

This anomaly occurs due to nonfusion of primitive ventral
and dorsal ducts during the embryological development
and is seen in 4 to 14% of autopsy specimens (~Fig. 7).>*
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* Type 1 (Classic PD)—Failure of dorsal and ventral duct
fusion, with each draining separately into minor and
major papilla, respectively.

* Type 2—Absent ventral duct with the dominant duct of
Santorini drainage.

* Type 3 (Incomplete PD)—small communicating branch
between the dorsal and ventral ducts.

It is a clinically significant entity as its presence has been
correlated with an increased incidence of recurrent scute
pancreatitis (predominantly dorsal pancreatitis) and chronic
abdominal pain.

Wirsungocele and Santorinicele

Wirsungocele and santorinicele are described as abnormal
cystic dilation of the ventral or the dorsal ducts, respectively,
near their terminal ends at the major or minor papillae
(=~Fig. 8).

These entities are commonly associated with anomalies
like PD.

Santorinicele are thought to result from congenital or
acquired weakness of the ductal walls, with chronic obstruc-
tion contributing to the acquired causes, and are associated
with pancreatitis and chronic abdominal pain.”

Anomalous Pancreaticobiliary Junction

It is defined as the fusion of the common bile duct and
pancreatic duct outside the extent of duodenal wall, with the
formation of a long common channel, considered >15 mm in
length (~Fig. 9).% Pancreatic juice refluxes into the biliary
tree, causing biliary epithelial injury, and is associated with
choledochal cysts, bile duct strictures, pancreatic anomalies
like divisum, and biliary malignancies.

Annular Pancreas

The annular pancreas develops because of a migration abnor-
mality resulting from the failure of rotation of the ventral bud
which consequently encases the second part of the duodenum
wholly or partially.” Previous cadaver-based studies have
shown a prevalence of 5 to 15 cases per 1,00,000 adults?
while endoscopic retrograde cholangiopancreatography-
based studies have shown a prevalence of 1 in 250.°

It has been classified into the following two morphologi-
cal types, broadly:

» Complete: Pancreatic tissue forming a complete ring
around the duodenum (~Fig. 10).

* Partial (Incomplete): Incomplete encirclement, with “croco-
dile jaw sign” anterior and posterior extension of the pan-
creatic tissue relative to the second part of the duodenum.

Dorsal Pancreatic Agenesis

During embryological development, the dorsal anlage of
pancreatic buds forms a portion of the head, neck, body,
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Fig. 2 Classification of congenital variants of pancreas.
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Circumportal pancreas

Dorsal agenesis

Contour variants

Ectopic pancreas

Intrapancreatic splenic tissue

Congenital pancreatic cysts

a
.

/

A

Fig. 3 lllustrations depicting types of course of main pancreatic duct. (A) Descending. (B) Vertical. (C) Sigmoid. (D) Loop.
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Fig. 4 Types of course of main pancreatic duct. (A) Descending course (arrow). (B) Sigmoid course (dashed arrow). (C) Vertical course
(arrowheads) with long common channel. (D) Loop course (arrow)

Fig. 5 lllustration showing pancreatic ductal configurations. (A) Bifid configuration with dominant duct of Wirsung. (B) Dominant duct of
Santorini without divisum. (C) Absent duct of Santorini

Fig. 6 Ansa pancreatica. (A) Illustration depicting minor pancreatic duct (blue) looping around main pancreatic duct (brown(. (B) Coronal 3D
MRCP MIP images showing ansa pancreatica (dashed arrow) looping around the main duct (arrow).
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Type I

Fig.7 Pancreas divisum. Type I: Classic PD. Type II: Absent ventral duct. Type lll: Incomplete pancreas divisum with communicating duct (arrow).

Fig. 8 (A) lllustration depicting Santorinicele (arrow). (B) Wirsungocele (arrow). (C) Coronal T2 MR showing cystic dilation of distal dorsal duct

just before the minor papilla in a case of pancreas divisum.

and the tail of pancreas. Depending on the degree of nonde-
velopment, these structures will be absent to varying
extents. An association with hepatocyte nuclear factor 1B
(HNF1B) mutation has been found, which is involved in the
development and differentiation of the dorsal pancreas.'®
Imaging findings in partial dorsal pancreatic agenesis
include an absence of pancreatic neck, body, and tail, where-

Indian Journal of Radiology and Imaging

as in complete agenesis of dorsal pancreas the duct of
Santorini is also absent.!’ A few signs have been described
on imaging, namely the “dependent stomach sign” and
“dependent intestine sign,” seen in dorsal pancreatic agene-
sis, where the normal position of the dorsal pancreas is
replaced by stomach/bowel loops, which appear “depen-
dent” on that position (~Fig. 11)."?
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Fig. 9 Anomalous pancreaticobiliary junction. Coronal 3D MRCP MIP
images showing long common channel (dashed arrow). The common
channel, common bile duct, and the main pancreatic duct appear dilated.

Fig. 10 Complete annular pancreas. (A) lllustration depicting annular
pancreas, with pancreas completely encircling the duodenum.

(B) Axial contrast enhanced CT images reveling pancreatic tissue
(arrow) completely encircling the duodenal lumen (dashed arrow).
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Clinical relevance is the association with diabetes melli-
tus, as most of the endocrine B cells that produce insulin are
in the dorsal pancreas.'?'*

Circumportal Pancreas (Portal Annular
Pancreas)

It is defined as complete encasement of the portal vein above
the splenoportal junction, by pancreatic parenchyma
(~Fig. 12)."° Joseph et al'® have classified portal annular
pancreas into three types—Type-I: retroportal course of
pancreatic duct, Type-II: associated with PD and retroportal
pancreatic duct, and Type-III: anteportal course of pancreatic
duct. This variation is clinically relevant in patients under-
going pancreatic head resection and at risk of developing
pancreatic fistulas postoperatively.'’

Arterial Annular Pancreas

In this extremely rare developmental anomaly, pancrea-
tic tissue is seen to be completely encasing coursing arter-
ies, most commonly seen with a replaced right hepatic
artery.

Congenital Pancreatic Cysts

True epithelial cysts of the pancreas are exceedingly rare and
usually occur with syndromic associations, such as von
Hippel Lindau (most commonly), and rarely with autosomal
dominant polycystic kidney disease and cystic fibrosis. Im-
aging wise, they are seen as simple unilocular cysts with no
perceptible enhancement.

Fig. 11 Dorsal pancreatic agenesis. (A) Partial dorsal pancreatic agenesis. (B) Complete agenesis of dorsal pancreas. (C) Axial contrast
enhanced CT image showing the presence of head and uncinate process (arrow), collapsed jejunal loops (dashed arrow) in a case of partial
agenesis of dorsal pancreas. No dorsal pancreatic tissue visualized, giving the “dependent intestine” sign.
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Fig. 12 Portal annular pancreas. (A) lllustration depicting encirclement of portal vein by pancreatic tissue (red arrow). (B) Axial contrast
enhanced CT image showing complete encirclement of portal vein (P) by pancreatic tissue (red arrows).

Intrapancreatic Splenic Tissue

It is a type of ectopic pancreatic tissue, visualized most
commonly surrounded entirely by the tail of the pancreas.
They are usually incidental imaging findings, but it is essen-
tial to distinguish them from tumors or lymph nodes.'®
MDCT demonstrates a hyper-enhancing nodule in the tail
of pancreas, with a characteristic enhancement pattern
similar to the main splenic tissue. The intrapancreatic splen-
ic tissue can develop epidermoid cyst within it, which may be
difficult to distinguish from cystic pancreatic lesions.'®

Ectopic|Heterotopic Pancreatic Tissue

Itis defined as the location of pancreatic tissue not within the
confines of the pancreas, with a lack of any anatomic or
vascular communication with the main pancreatic tissue. It
is most frequently detected in stomach, duodenum, and
proximal jejunum. Less common locations include Meckel
diverticulum, ileum, and extremely rarely, esophagus, me-
diastinum, omentum, and lungs.%°

In barium studies, the classical appearance is that of a
broad-based, smooth intramural lesion, with the typical
central “umbilication.” On cross-sectional imaging, they
present as intraluminal masses with endoluminal growth
patterns. Depending on the type of microscopic tissue, those
with more acinar structures show avid enhancement, while
those with predominant ductal composition are hypoen-
hancing to the orthotropic pancreas.

Conclusion

The pancreas can thus demonstrate a broad spectrum of
variant anatomical configurations ranging from parenchy-
mal to ductal. Owing to the associations these entities show
with conditions like recurrent acute pancreatitis, chronic
abdominal pain, and neoplastic conditions like cholangio-
carcinoma in anomalous pancreatico-biliary junction, their
understanding and recognition are of paramount impor-
tance. Also, their ability to create a diagnostic dilemma by
mimicking pathological conditions that would otherwise
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require treatment cannot be undermined during diagnostic
reporting.

Note

This article was previously presented at the 75th National
Conference of IRIA at Amritsar and was selected as one of
the 10 best posters.
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