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Abstract

Objective To review the congenital anomalies of the pancreas with their main clinical manifestations and key imaging find-
ings on CT and MRI.

Background and clinical significance Anomalies of pancreatic development are frequent and generally asymptomatic, but
can mimic and predispose individuals to pancreatic or peripancreatic pathologies, such as pancreatitis or malignancy. Their
correct diagnosis may help avoid unnecessary further investigations and procedures, or establish adequate treatment when
they manifest clinically. Differentiating pancreatic congenital anomalies from their main radiological mimics constitutes a
challenge for the radiologist and requires familiarity with key imaging findings.

Conclusion The imaging findings of CT and MRI are essential for the correct diagnosis of congenital pancreatic anomalies.
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Introduction

Alterations of pancreatic development result in pancreatic
congenital anomalies. Some of them are asymptomatic, but
others may be associated with pathological conditions. On
cross-sectional imaging, pancreatic anomalies can mimic
pathological conditions; therefore, accurate diagnosis is
essential to avoid unnecessary additional investigations
or invasive procedures. Conversely, these anomalies may
predispose individuals to pancreatic or peripancreatic
pathologies, making their recognition crucial in order to
establish an adequate treatment when they manifest clini-
cally [1, 2]. This review covers pancreatic embryology, the
different anomalies in which altered pancreatic develop-
ment can result as well as their radiological features on
CT and MRI and some pathological conditions that may
be associated with them.

CT and MR imaging of the pancreas

Multidetector computed tomography (MDCT) is usually
the initial imaging modality for the assessment of most
pancreatic diseases, including acute pancreatitis, trauma,
and pancreatic masses, especially in their acute onset.
This is likely attributable to its broad availability, rela-
tive affordability, and high diagnostic performance [3].
A typical MDCT protocol includes an unenhanced phase
and a dynamic acquisition consisting of a pancreatic phase
performed approximately 35-40 s after IV contrast agent
injection and a portal venous phase performed subse-
quently after a 70-s delay. MDCT has limitations due to
low contrast resolution in the assessment of small focal
lesions, ductal delineation, especially in normal caliber
ducts, initial signs of chronic pancreatitis, and charac-
terization of cystic lesions. Consequently, the sensitivity
of MDCT in identifying pancreatic ductal variations is
low (50-60%) [4]. Another limitation is radiation expo-
sure, which underscores the necessity of dose optimiza-
tion, especially for young patients and those who require
follow-up scans. Recent advances such as dual-energy CT
may have the potential to overcome some of these limita-
tions and further expand the utility and value of CT in
pancreatic imaging [5].

Magnetic resonance imaging (MRI) provides an optimal
contrast resolution for soft tissues and for the bile and
pancreatic ducts [6]. MRI is increasingly being used to
scan pancreatic diseases in patients with suspected bili-
opancreatic pain, to stage chronic pancreatitis, and to diag-
nose and follow-up some pancreatic tumors [6, 7]. In some
instances, these conditions are more effectively depicted

with this technique. Magnetic resonance cholangiopan-
creatography (MRCP) is the gold standard in the evalu-
ation of the pancreatic duct and biliary tract. It has dis-
placed endoscopic retrograde cholangiopancreatography
(ERCP) which, due to its invasiveness and morbidity, is
now mostly reserved for patients requiring procedures and
interventions. MRCP provides high contrast resolution of
stationary liquids, such as intrabiliary and intrapancreatic
juices through long T2 relaxation time of fluid to image
the biliary tree and pancreatic ducts with suppression of
adjacent tissue signal. MRCP is often combined with MRI
sequences as T1-weigthed (T1w) and T2-weighted (T2w)
images, diffusion-weighted images (DWI), and dynamic
contrast-enhanced (DCE) sequences [8, 9]. In routine
protocols, the acquisition of DCE sequences is performed
typically in the arterial phase (20-25 s post contrast injec-
tion), portal venous phase (55-60 s), and delayed venous
phase (90-180 s) [10]. When hepatobiliary contrast
medium is used, acquisitions at 10 and 20 min can also
be performed [11]. MRCP can be enhanced with secretin,
a physiologic polypeptide exocrine hormone excreted by
the duodenum in response to the emptying of the gastric
content after a meal. Secretin induces the release of bicar-
bonate rich fluid from the pancreas, increasing fluid signal
in the pancreatic ducts that progresses into the duodenum.
Secretin-enhanced MRCP (S-MRCP) takes advantage of
fluid-sensitive MR sequences to improve the visualization
of ductal anatomy [12].

Developmental anomalies of the pancreas

Normal pancreas is formed from the fusion of two buds, the
ventral and dorsal anlagen (Fig. 1). The ventral anlage arises
from the hepatic diverticulum adjacent to the biliary system,
while the dorsal anlage originates from the dorsal mesogas-
trium. Around the 37th day of gestation, the rotation of the
stomach and the duodenum during embryogenesis results in
the displacement of the ventral bud toward the dorsal area
and from the embryo’s right to its left side, positioning the
ventral bud inferiorly and posteriorly to the dorsal bud [13].
The two buds, with their respective ducts, fuse during the
7th week of gestation; the ventral anlage forms the poste-
rior portion of the head and the uncinate process, while the
dorsal anlage forms the anterior portion of the head, the
body, and the tail of the gland. The duodenal segment of
the ventral duct may remain patent or may involute partially
or completely. If patent, it constitutes the duct of Santorini,
draining into the minor papilla. Ultimately, the gland drains
predominantly through the main pancreatic duct or duct of
Wirsung, which results from the fusion of the ventral duct
and the remaining part of the dorsal duct, along with the
common bile duct in the major papilla [2, 13] (Fig. 1).
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Fig.1 Around the 37th day of gestation, the rotation of the stomach
and the duodenum displaces the ventral pancreatic bud, along with
the common bile duct (CBD) positioning it under and behind the dor-
sal bud (a). The arrow in b represents the course of the main pancre-
atic duct, which drains into the major papilla (MP) after the fusion of

Developmental anomalies of the pancreas can be classi-
fied according to the embryological process involved [14].
Alterations of fusion and formation of the duct can manifest
as conditions such as pancreas divisum, anomalous biliopan-
creatic junction, and others, such as ansa pancreatica, mean-
dering main pancreatic duct, wirsungocele, santorinicele,
bifid tail, or congenital cysts. Rotation and migration anoma-
lies manifest as annular pancreas and ectopic pancreas, while
anomalies of parenchymal and cellular differentiation can
result in pancreatic agenesis and hypoplasia.

Pancreas divisum

Pancreas divisum is the most common congenital pancreatic
anatomical anomaly, with a prevalence of 4-15% [15]. A
four-fold higher incidence has been observed in European
and American populations compared to Asian populations
[16]. This condition results from a failure in fusion of the
dorsal and ventral ducts during the seventh week of intrau-
terine development. Depending on the extent of the fusion
failure, three distinct variants are recognized: complete,

both ducts around the seventh week of gestation to form the anatomi-
cal pancreas (¢). GB gallbladder, MiP minor papilla, MPD main pan-
creatic duct, S duct of Santorini, W duct of Wirsung. All drawings by
Javier Rubin ©

incomplete, and reverse pancreas divisum. The complete,
or classic, variant is the most prevalent, accounting for 70%
of the cases [17]. In this form, most of the gland drains into
the minor papilla through the duct of Santorini while the
head and the uncinate process drain into the major papilla
through the duct of Wirsung, in conjunction with the com-
mon bile duct (Fig. 2).

The incomplete variant, which accounts for approxi-
mately 15% of cases is similar to the classic form, except
for the presence of an additional communicating branch
between the ventral and dorsal systems (Fig. 3a—c). The
reverse variant is very uncommon and is characterized by
a dorsal isolated main pancreatic duct draining through the
major papilla alongside the common bile duct and a separate
ventral duct of Wirsung draining through the minor papilla
(Fig. 3d, e). The key imaging finding of the classical form
of pancreas divisum is the identification of a prominent dor-
sal duct, coursing anterior and superior to the common bile
duct (Fig. 2¢). Secretin-enhanced MRCP has demonstrated
a higher diagnostic sensitivity for pancreas divisum than
plain MRCP (86% vs 52%) in a meta-analysis published by

Fig.2 Pancreas divisum (a). MRCP imaging of classic pancreas
divisum, coronal reconstruction (b) displays the ventral duct (VD)
joining the common bile duct (CBD) to drain into the major papilla,
separately from the main pancreatic duct (MPD) which drains into
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the minor papilla (arrow). Axial section (¢) shows the MPD crossing
anteriorly to the CBD before reaching the minor papilla (arrow) and
the duodenum (D)
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Fig.3 Incomplete (a—c) and reverse (d and e) variants of pan-
creas divisum are less frequent. MRCP in a coronal oblique projec-
tion (b) depicts a small ventral duct (VD) joining the common bile
duct (CBD) to drain into the major papilla, while the main pancre-
atic duct (MPD) crosses anteriorly over the CBD to drain into the
minor papilla. S-MRCP (c) reveals a small ductal connection (arrow)

Rustagi et al. [18]. Pancreas divisum should not be diag-
nosed when a tumor or focal pancreatitis obstruct the main
pancreatic duct downstream from the origin of the duct of
Santorini in an otherwise normal pancreas. This may lead
to an enlargement of the accessory duct that drains the body
and tail of the pancreas, mimicking pancreas divisum [17].

Pancreas divisum is asymptomatic in most patients (95%)
and is usually discovered incidentally on abdominal imag-
ing. However, it can hinder the drainage of the gland, as
the dominant dorsal duct, which is larger and longer, opens

between the ventral duct (VD) and the dorsal duct (MPD), which is
diagnostic of incomplete pancreas divisum. MRCP of reverse pan-
creas divisum in a coronal oblique projection (e) demonstrates a small
ventral duct (VD) draining into the minor papilla, while the MPD
joins the common bile duct (CBD) to drain into the major papilla

through a relatively smaller minor papilla. This can predis-
pose to the formation of a santorinicele and lead to chronic
abdominal pain [19, 20] (Fig. 4).

Despite this, the association between pancreas divisum
and pancreatitis has not been conclusively established. When
chronic pancreatitis occurs in a patient with pancreas divi-
sum, the resultant morphological changes in the pancreas
can present an atypical distribution [21] (Fig. 5).

Asymptomatic patients do not require any further thera-
peutic management, but when pancreas divisum is clearly

Fig.4 Pancreas divisum is associated to santorinicele. 3D-reformat-
ted MRCP (a) depicts a pancreas divisum configuration with the main
pancreatic duct (MPD) traversing anteriorly over the CBD to drain

into the minor papilla. S-MRCP (b) shows a saccular dilatation of the
most distal portion of the MPD (arrow) corresponding to a santorin-
icele
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Fig.5 When chronic pancreati-
tis occurs in pancreas divisum,
the morphological changes

in the pancreas can present

an atypical distribution. MRI
coronal sections diagnostic of
pancreas divisum (a, b), show

a dilated main pancreatic duct
(MPD) running anteriorly to the
common bile duct (CBD) and
ventral duct (VD). Coronal (c)
and axial (d) MDCT sections of
the same patient demonstrate a
dorsal distribution of morpho-
logical changes with atrophy
and calcifications affecting

the region of the dorsal anlage
(DA) (d), while the region of
the ventral anlage (VA) remains
preserved (c)

symptomatic, treatments such as endoscopic papillotomy,
stent placement, or surgery may be indicated [22].

Ansa pancreatica

Ansa pancreatica (Fig. 6) is characterized by an inverted
S-shaped duct of Santorini that drains into the minor papilla
and connects with a lateral branch to the duct of Wirsung,
which typically maintains a normal configuration. Unlike
annular pancreas, in ansa pancreatica the duct does not cross
the duodenum [22, 23]. The prevalence of ansa pancreatica
has not been reliably determined; however, various studies
have estimated it to be close to 1% [24, 25]. Some studies
indicate that ansa pancreatica may be a predisposing fac-
tor to recurrent acute pancreatitis, especially among heavy
alcohol consumers. However, the precise mechanism of this
association remains unclear [24].

Meandering main pancreatic duct

Meandering main pancreatic duct refers to an abnormal
curvature of the ventral duct within the pancreatic head.
Two types have been described: the ‘loop’ type, where
the main pancreatic duct creates a localized hairpin-like
curve (Fig. 7a, b), and the ‘reverse-Z’ type where the
main pancreatic duct forms two pronounced angles when
viewed in a coronal projection (Fig. 7c, d). A prevalence
of approximately 2% has been documented. Loop and
reverse-Z subtypes were found more frequently in patients
with idiopathic recurrent acute pancreatitis. According to
a series by Gonoi et al., patients with both types of mean-
dering main pancreatic duct have a significantly increased
risk of idiopathic acute pancreatitis and idiopathic recur-
rent acute pancreatitis, with odds ratios of 4.01 and 26.2,
respectively [26].

Fig. 6 Ansa pancreatica (a). MRCP oblique coronal sections (b, ¢) show a curved duct of Santorini with an inverted “S” morphology (S) diag-

nostic of ansa pancreatica
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Fig.7 Loop (a, b) and reverse-
Z (c, d) types of meandering
main pancreatic duct. Coronal
S-MRCP of two different
patients with a meandering
main pancreatic duct show a
loop (arrow b) and a reverse-Z
configuration (arrow d) in the
cephalic segment of the main
pancreatic duct (MPD)

Santorinicele and wirsungocele

Santorinicele and wirsungocele are focal cystic dilatations of
the terminal part of the dorsal and ventral pancreatic ducts,
respectively. Santorinicele (Fig. 4) is frequently associated
with pancreas divisum and may be an acquired condition.
It is also associated with recurrent episodes of acute pan-
creatitis [27].

Bifid pancreatic duct

Duplication of the main pancreatic duct is a benign branch-
ing anomaly that usually occurs at the tail level (Fig. 8).
As pancreatic buds fuse, a primitive ductal branch system
develops, resulting in the formation of a dominant branch
that later becomes the main pancreatic duct. Variations in the
number of ducts occur when more than one primary channel
forms [28]. Bifurcation of the main pancreatic duct does not
necessarily result in morphological changes in the pancreas,

Fig.8 Axial MDCT (a) of a
patient with a bifid pancreatic
tail (fish tail appearance) reveals
a bifurcation (arrows) and
dilatation of the main pancre-
atic duct (MPD). A thick slab
MRCP (b) of another patient
shows a bifid configuration of
the MPD in the pancreatic tail
(arrows)

as variations in the number of main pancreatic ducts can also
occur in a normally shaped pancreas. However, bifid main
pancreatic duct should be inferred in cases of a ‘fish tail’
pancreas morphology [29] (Fig. 8a). The clinical signifi-
cance of main pancreatic duct duplication remains unclear,
with it often presenting as an incidental finding in patients
undergoing imaging for unrelated conditions. Regardless of
its clinical importance, a detailed anatomical depiction of
the pancreatic duct system is crucial prior to pancreatec-
tomy, as ductal anomalies can lead to leakage and postopera-
tive complications [29].

Anomalous biliopancreatic junction

Normally, the duct of Wirsung and the common bile duct
converge within the ampulla of Vater forming a common
duct approximately 1-12 mm in length, with an aver-
age length of about 4 mm, surrounded by the sphincter of
Oddi. This configuration prevents the reflux of pancreatic
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Fig.9 Coronal MRCP of a patient with an anomalous biliopancreatic
junction depicts a loop-type meandering main pancreatic duct (MPD)
that joins prematurely with the common bile duct (CBD), within the
head of the pancreas forming a common duct (arrow) that exceeds
15 mm in length before entering the major papilla. This case also pre-
sents dilatation of the intrahepatic biliary tract with intrahepatic bil-
iary cysts (IBC) and a choledocal cyst (CHC), consistent with a type
IVA cystic dilatation of the biliary tract in the Todani’s classification
[60, 61]. BTC: biliary tract cyst; GB: gallbladder

secretions into the biliary tree [30]. In anomalous biliopan-
creatic junction (ABPJ) these ducts merge before reaching
the duodenal wall, forming a longer common duct. This
anomaly occurs in 1.5-3.2% of individuals [31] and is asso-
ciated with the loss of the regulating sphincteric function,
which allows the reflux of pancreatic secretions into the bile
ducts that normally operate under lower pressure (Fig. 9).
ABPIJ is considered an etiological factor for the development
of choledochal cysts. It has been proposed that enzymes
activated in refluxed pancreatic secretions induce chronic
inflammation, damage to the biliary wall, and subsequent
cystic dilatation of the lumen. However, other factors must
also contribute to the presence of choledochal cysts, as they
can also be present in newborn infants [31].

Fig. 10 Coronal MRCP (a) in
a patient with a history of pan-
creatitis demonstrates a normal
configuration of the BPJ and a
moderate biliary dilatation of
the CBD, measuring 12 mm

in diameter. After secretin
stimulation (b), the diameter
of the CBD expands to 16 mm,
indicating pancreatic-biliary
reflux. The diffuse dilatation
of the extrahepatic bile duct

is consistent with a type IC
choledochal cyst according to
Todani’s classification

@ Springer

Patients with ABPJ and reflux of pancreatic juice into
the bile ducts may not have a choledochal cyst. These
patients are at increased risk of developing gallbladder
cancer. The stagnation and concentration of bile mixed
with pancreatic juice in the gallbladder are believed to
have carcinogenic effects, leading to recommendations for
preventive cholecystectomy, sometimes combined with
extrahepatic bile duct resection [32, 33]. Adult patients
with ABPJ, both with and without choledochal cysts, can
present clinical symptoms, such as abdominal pain, vom-
iting, acute pancreatitis, and cholangitis [33]. Pancreato-
biliary reflux can also occur in individuals with a nor-
mal pancreatobiliary junction (Fig. 10). This condition is
thought to result from the dysfunction of the sphincter of
Oddi, although the presence of periampullary diverticula
or invasive procedures such as sphincterotomy or balloon
papillary dilatation may also contribute to reflux [30, 34].

Fig. 11 Coronal MRCP depicts multiple hereditary pancreatic cysts
(C) in a patient with genetic analysis identifying two truncating muta-
tions in the VHL gene, indicative of a type 1 form of Von Hippel—
Lindau Syndrome
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Congenital cysts of the pancreas

Congenital cysts of the pancreas result from the failure of
embryonic ducts to regress during their replacement by per-
manent ducts, leading to obstruction and subsequent cyst
formation that can fill with fluid. These cysts can be solitary
or multiple and may occur independently or in association
with systemic diseases, such as cystic fibrosis, Von Hip-
pel-Lindau syndrome (Fig. 11), and autosomal dominant
renal polycystosis. These associated conditions are beyond
the scope of this work. Congenital cysts are extremely rare
and can be encountered in the fetus, infant, child, or adult
[35]. Their antenatal discovery is typically incidental during
routine screening. Although usually asymptomatic, larger
cysts may exert a mass effect and become clinically manifest.
Treatment options include complete excision or, if located in
the pancreatic head where excision is not feasible, drainage
can be considered as a therapeutic option [36].

Annular pancreas

Annular pancreas is a consequence of altered migration of
the ventral pancreatic bud. It is thought that the adhesion of
the ventral pancreatic anlage to the duodenum during migra-
tion hinders it from rotating completely, resulting in a ring
of pancreatic tissue encircling the descending duodenum, in
connection with the anatomical pancreas [37]. Annular pan-
creas can be either complete or incomplete and is considered

Fig. 12 Annular pancreas (a).
Axial MDCT (c) of a patient
with annular pancreas reveals
a ring of pancreatic tissue
(AP) encircling the descending
duodenum (D), in continuity
with the anatomical pancreas
(P). Axial MRCP (b) of the
same patient shows the main
pancreatic duct (MPD) cross-
ing anterior to the duodenum
(D) and entering the intestinal
lumen on its lateral aspect

incomplete when the annulus does not encircle the duode-
num entirely, which has been reported in approximately one
third of cases [38]. A rare variant known as portal annular
pancreas occurs when pancreatic parenchyma fuses around
the portal and superior mesenteric veins, thus encircling
the portal vein. While portal annular pancreas is typically
asymptomatic, its identification prior to surgery is important
to prevent potential operative complications [39].

Postmortem examination series have suggested a preva-
lence of annular pancreas of around 0.01%, whereas ERCP
studies have reported a frequency of 0.4%. The true preva-
lence is uncertain due to potential biases, but it is likely
to fall somewhere between these reported values [38]. In
abdominal imaging, the presence of pancreatic tissue extend-
ing posterolaterally to the duodenum should raise concerns
about the presence of an annular pancreas. Accurate radio-
logical diagnosis requires differentiation from a primary
thickening of the duodenal wall, such as adenocarcinoma or
leiomyoma [40]. This involves assessing the continuity with
the anatomical pancreatic tissue and identifying an annular
duct running within it [37] (Fig. 12).

Annular pancreas is usually asymptomatic. In newborns,
it can manifest as gastrointestinal or biliary obstruction,
with 70% of affected newborns presenting with other asso-
ciated malformations [41]. In adults, it is most often detected
between the third and the sixth decades of life and may man-
ifest clinically with symptoms, such as upper gastrointesti-
nal bleeding due to peptic ulceration, postprandial fullness,
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Fig. 13 In a patient with a his-
tory of cholestasis and jaundice,
axial MDCT (a) identified a
2-cm solid nodule (E) in the
second portion of the duode-
num (D). Endoscopy (b) and
endoscopic ultrasonography (c)
revealed a submucosal lesion
(E). A biopsy confirmed the
presence of ectopic pancreatic
tissue

Fig. 14 MRI of a patient with a history of intestinal obstruction and
an endoscopic finding of a stenosing anthropyloric lesion shows a
cystic lesion with thick walls in the antral region (E). Following par-
tial gastrectomy, the pathological examination identified pancreatic
heterotopia with the formation of a pancreatic pseudocyst within the
gastric mucosa

and vomiting due to duodenal obstruction, acute or chronic
pancreatitis and, infrequently, biliary obstruction [38, 42].
Surgical treatment may be required for symptomatic cases
of annular pancreas.

Ectopic pancreas

Ectopic or heterotopic pancreas is caused by an anomaly of
migration that results in the presence of pancreatic tissue

@ Springer

outside the gland, lacking anatomical or vascular connection
to the normal pancreas [2] (Figs. 13 and 14). Its prevalence
ranges from 0.3 to 13.7% of individuals [43]. The upper
gastrointestinal tract is the most common location, with gas-
tric and duodenal involvement reported at frequencies of
24-38% and 9-36%, respectively [44]. But it has been iden-
tified in other locations, such as the jejunum, liver, gallblad-
der, colon, appendix, spleen, mesentery, retroperitoneum,
female reproductive system, mediastinum, and lungs [44].
Gastric and duodenal ectopic pancreas is most frequently
found in the submucosa along the greater curvature of the
antrum and in the proximal duodenum, typically with an
endophytic growth pattern. The first 50 cm of the jejunum
is the third most frequent location, estimated in 0.5-35%
of cases. They are also typically located in the submucosa
although exophytic growth patterns are more common [45].

Imaging of ectopic pancreas typically reveals a nonspe-
cific endophytic submucosal solid mass with an enhance-
ment pattern similar to the normal pancreas. Sometimes, a
small central umbilication, a remnant of the primitive pan-
creatic duct, can be identified [23]. Heterotopic pancreas
in the mesentery is a very rare condition [46] that pre-
sents as a mesenteric mass, with morphological features
closely resembling the main pancreas (a homogeneous,
well-enhancing mass with an elongated appearance and
pancreas-like clefts or lobulations) often found in close
association with the jejunum. Mesenteric ectopia is usu-
ally larger than ectopic pancreas found in other locations
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[47, 48] and its unique association with the jejunum leads
some to consider it as a variant of jejunal pancreatic ecto-
pia with exophytic growth [46].

Submucosal heterotopic pancreas can be easily misi-
dentified as gastrointestinal stromal tumors (GIST). Unlike
GISTs, which often exhibit exophytic or mixed growth pat-
terns, globular contours, and a well-defined border, ectopic
pancreas usually presents with an endoluminal pattern, flat
contours, and poorly defined borders, in addition to the
previously described characteristics.

Most cases of ectopic pancreas are asymptomatic and
are identified incidentally on pathological specimens or
during autopsies [44]. However, it can manifest clini-
cally with symptoms resulting from mass effect, such
as obstruction or intussusception, as well as underlying
pathologies, including ulceration, bleeding, and acute or
chronic pancreatitis. Ectopic pancreas is susceptible to
the same pathological conditions that affect the normal
pancreas. For instance, there have been reported cases of
ectopic insulinomas in patients presenting with hypoglyce-
mia [49]. Cystic degeneration (Fig. 14) and, on rare occa-
sions, malignant transformation can also occur.

Groove pancreatitis is a rare form of chronic pancrea-
titis that affects the ‘groove’ between the head of the pan-
creas, the duodenum, and the common bile duct (Fig. 15).
The exact cause is unknown, but long-term alcohol abuse
and smoking are frequently observed in patients with this
condition. Ectopic pancreas has been associated with
groove pancreatitis when heterotopic pancreatic tissue is
located between the medial duodenal wall and the head of
the pancreas [50, 51]. When ectopic pancreas manifests
symptoms, the clinical presentation can be severe, requir-
ing surgical intervention [50, 52].

Pancreatic hypoplasia and agenesis

Total pancreatic agenesis is extremely rare, as it is incompat-
ible with life. Pancreatic hypoplasia results from the total
or partial absence of one of the pancreatic anlagen with the
absence of the dorsal pancreatic anlage being the most fre-
quent variation [2]. A morphological classification based on
the presence of agenesis or hypoplasia of the dorsal pancreas
(type 1), the uncinate process (type 2), or both (type 3) [53]
has been proposed. Dorsal pancreatic agenesis or hypoplasia
has been reported as part of polysplenia syndrome, likely
due to the close relationship between the developing pan-
creas and the spleen in the dorsal mesogastrium [54]. It can
occur in isolation or in association with heterotaxia syn-
drome [55]. Conversely, an association between intestinal
malrotation and aplasia or hypoplasia of the ventral pancreas
has been suggested, probably due to the relationship between
the ventral anlage and the rotation of the duodenojejunal
loop during pancreatic development [56].

Pancreatic hypoplasia is often asymptomatic, but can
manifest with nonspecific abdominal pain, pancreatitis, and
diabetes mellitus, as most islets and beta cells are located
in the pancreatic body and tail [1]. The key image finding
in the most frequent variation is a truncated and short pan-
creas, where the tail and part of the body are absent, but the
minor papilla and a remnant of the duct of Santorini may be
present. It is crucial to differentiate pancreatic hypoplasia
from glandular lipomatosis and atrophy and to rule out the
presence of pancreatic malignancy with associated glandu-
lar atrophy [57]. In lipomatosis and atrophy, the pancreatic
duct is present and the glandular space is replaced by fat. In
contrast, in hypoplasia and agenesis the duct is absent and
the stomach or intestine occupy the anatomical space of the
normal pancreas, ventral to the splenic vein [58] (Fig. 16).

Fig. 15 Groove pancreatitis and cystic dystrophy of the pancreas.
Axial and coronal CT images of the pancreas (a and b) shows
hypodense fibrotic tissue in the pancreatoduodenal groove. On MRI
(c) this tissue appears slightly hypointense on T2-weighted image.

Additionally, cysts are visible in both the pancreatic head and the
medial duodenal wall (arrows) indicative of pancreatic ectopia with
cystic changes
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Fig. 16 Pancreatic hypoplasia
(a). MDCT coronal (b) and
axial (c) sections of a patient
with partial agenesis of the dor-
sal pancreas show a truncated
pancreas (P), consisting only of
the head and a small segment
of the body. The anatomical
space of the body and tail,
located ventrally to the splenic
vein (SV), is occupied by the
jejunum (J) and stomach (S).
CBD common bile duct

Fig. 17 Axial MRI of a patient with an intrapancreatic accessory
spleen depicts the normal pancreas (P) with an intraglandular nodule
(A). The nodule’s signal is similar to that of the spleen (S) in all the
sequences in which it is visible (T1 in the image) and has remained
stable over years of follow-up

Other anatomical variants

Anatomical variants can lead to diagnostic confusion. Pan-
creatic contour alterations, such as lobulations in the head
and neck of the pancreas, are present in approximately 34%
of individuals. They appear as pseudomasses and can simu-
late pancreatic neoplasms [59]. Intrapancreatic masses,
such as intrapancreatic accessory spleen, can be mistaken
for pancreatic neoplasms; however, unlike neoplasms,

@ Springer

intrapancreatic accessory spleen presents the same radio-
logical characteristics as the anatomical spleen [1] (Fig. 17).

Conclusion

Pancreatic congenital anomalies are frequent and result from
alterations in the processes involved in glandular embryol-
ogy, with the most frequent variants resulting from abnor-
malities in fusion and duct formation. While most of these
anomalies are asymptomatic, they can mimic pathological
conditions and predispose individuals to specific pancre-
atic or peripancreatic pathologies. Their correct diagnosis
is critical to avoid unnecessary investigations or invasive
procedures and to provide adequate treatment when they
manifest clinically. Furthermore, it is essential to consider
these anomalies when planning pancreatic and peripancre-
atic surgeries to prevent potential surgical complications.
Distinguishing pancreatic congenital anomalies from their
main radiological pitfalls is a challenge for the radiologist,
for which findings from computed tomography and magnetic
resonance are essential.
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