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Abstract

Anatomical variations or anomalies of the pancreatic ducts are im-
portant in the planning and performance of endoscopic retrograde
cholangiopancreatography (ERCP) and surgical procedures of the
pancreas. Normal pancreatic duct anatomy occurs in approximately
94.3% of cases, and multiple variations have been described for the
remaining 5.7%. The purpose of this study was to review the literature
on the pancreatic duct anatomy and to underline its importance in
daily invasive endoscopic and surgical practice. Two main databases
were searched for suitable articles published from 2000 to 2017, and
results concerning more than 8,200 patients were included in the re-
view. The most common anatomical variation was that of pancreas
divisum, which appeared in approximately 4.5% of cases.
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Introduction

Anatomical variations, or anomalies, of the pancreas and pan-
creatic duct system are not unusual, which are usually asymp-
tomatic, and may not be discovered until adulthood [1-3].
Sometimes, general signs and symptoms such as abdominal
pain, nausea, and vomiting may be due to recurrent pancreatitis
or gastric outlet obstruction caused by a congenital variant of
the pancreas or the pancreatic duct system [1, 4]. These diag-
noses should be considered and excluded after proper imaging
examinations. Normal pancreatic duct variants and variations

Manuscript submitted January 6, 2018, accepted February 15, 2018

aDepartment of Anatomy in the Department of Physical Education and Sports
Science (Serres), Aristotle University of Thessaloniki, Thessaloniki, Greece
®Department of Surgery, Agios Dimitrios General Hospital, Thessaloniki, Greece
¢Laboratory of Anatomy in the Department of Physical Education and Sports
Science (Serres), Aristotele University of Thessaloniki, Thessaloniki, Greece
dCorresponding Author: Ioannis Dimitriou, Laboratory of Anatomy in the De-
partment of Physical Education and Sports Science (Serres), Aristotele Uni-
versity of Thessaloniki, Kanari 7 Stavroupoli, Thessaloniki 56430, Greece.
Email: johndim577@yahoo.com

doi: https://doi.org/10.14740/jocmr3344w

of pancreas divisum are frequently discovered as incidental
findings on clinical imaging [5]. The most common imag-
ing modalities that evaluate the pancreas and the pancreatic
duct system are the computed tomography (CT) scan of the
abdomen, the magnetic resonance cholangiopancreatography
(MRCP), and the endoscopic retrograde cholangiopancreatog-
raphy (ERCP). CT of the abdomen is very useful in finding and
imaging pathologies of the pancreas, such as acute or chronic
pancreatitis and pancreatic tumors, but it is not very good at
imaging the pancreatic duct system. MRCP is a very accurate,
noninvasive technique for visualizing the pancreatic and bil-
iary duct system without the side effects of a contrast agent and
without the risk of causing acute pancreatitis [2, 4-6]. ERCP is
considered the best diagnostic tool for imaging the pancreatic
and biliary duct system because it produces better results in
imaging; however, the radiation it uses, is invasive, and car-
ries the risk of causing acute pancreatitis in a small group of
patients [4, 7].

Anatomic variations and anomalies of the pancreatic duct
system that can be diagnosed with these techniques include
configuration variations (bifid configuration with dominant
main pancreatic duct (MPD), dominant accessory pancreatic
duct (APD) without divisum, pancreas divisum, absent APD,
ansa pancreatica, and cystic dilations of terminal portions
of the MPD and APD), course variations (descending, loop-
shaped or ring-shaped, vertical, and sigmoid), duplication
anomalies, and anomalous pancreaticobiliary ductal junction
(APBU)[1, 2, 8].

Likewise, these techniques can diagnose anomalies of the
pancreas such as annular pancreas, ectopic pancreas, agenesis
and hypoplasia of the pancreas, and accessory pancreatic lobe
[1, 2, 8]. The frequency of the pancreatic duct variations in
a general population and the clinical relevance has not been
well investigated [2, 5]. Diagnosing these variants is important
because they may be a cause of pancreatitis or gastric outlet
obstruction that can be corrected operatively [1, 2, 4]. This
knowledge is also important when ERCP is planned for diag-
nostic or therapeutic reasons because it may help in treatment
planning and prevent injuries of the pancreas and the pancre-
atic ducts during surgery or ERCP procedures [2, 4].

Literature Search

A systematic search of the medical scientific literature was car-
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Figure 1. Drawings showing different types of pancreatic duct configu-
ration.

ried out using PubMed and Google Scholar databases for 2000
-2017 in order to access all the published articles involving the
anatomic variations of the pancreatic duct system.

The following terms and their combinations were used:
“pancreatic duct,” “anatomy,” “anatomic,” “variations,” and
“anomalies.” All the articles considered relevant were included
in the research, and all their relevant references were checked
to find any missing studies. The following inclusion criteria
were used for this study: 1) the article was original, a review,
or a prospective study, 2) the article was written in English.

The following exclusion criteria were used for this study: 1)
articles written in a language other than English, 2) articles
concerning populations overlapping one another, 3) articles
concerning animal subjects, not human subjects, 4) articles
that reported case reports and small case series.

The pancreatic duct system classification was defined us-
ing the conventional pancreatic ductal anatomy (Fig. 1). We
investigated the type of study (systematic review, retrospec-
tive, or prospective study), the year of publication, and the
kind of subjects (healthy people, patients, or cadavers) in every
study considered eligible for our research.

Literature Retrieved

Ten articles were retrieved using the described search strategy.
All articles were analyzed in the review (Fig. 2).

A total of 8,260 patients were analyzed in our study, of
which 94.3% of cases displayed normal anatomy (types 1 -
3), 4.5% displayed pancreas divisum, and 1.2% were reported
with rare anomalies. The studies that were considered eligible
in our review consisted of five retrospective studies, four pro-
spective studies, and one multicenter retrospective study (Ta-
ble 1, [3-5, 7, 9-14]).

Discussion

The development of the human pancreas embryology is com-
plex, resulting in many different congenital pancreaticobiliary

Articles using the terms “pancreatic duct,
“variations,” and “anomalies”

(PubMed and Google Scholar) n =51

"o

anatomy” or “anatomic,”

!

Articles identified and screened for retrieval n = 10

l

Articles included in the review n = 10

v

Type of articles:
Retrospective studies =5
Multicenter retrospective studies = 1

Prospective studies =4

Figure 2. Summary of the literature research.

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

www.jocmr.org

371



Anomalies of the Pancreatic Duct System

J Clin Med Res. 2018;10(5):370-375

Table 1. Classification of the Articles According to the Number and Type of Patients, Type of Investigation, and Type of Study [3-5,

7,9-14]
Author No. of subjects  Type of subjects Type of investigation Type of article
Filippo et al [3] 350 Living patient MRCP Prospective study
Adibelli et al [4] 1,158 Living patient MRCP Retrospective cohort study
Bulow et al [5] 927 Healthy volunteers  Stimulating MRCP Prospective study
Bang et al [7] 582 Living patient ERCP Retrospective cohort study
Kamisawa etal [9]  256/3,210%* Living patient ERCP Retrospective cohort study
Shahriah et al [10] 65 Cadaver Autopsy of specimens Prospective study
Kim HJ et al [11] 4,097/10,243%* Living patient ERCP Multicenter retrospective cohort study
Oracz et al [12] 300 Living patient Medical records (non specified) ~ Retrospective cohort study
Uomo et al [13] 485/650%* Living patient ERCP Retrospective cohort study
Prasanna et al [14] 40 Cadaver Autopsy of specimens Prospective study

*Only some of the patients included in the article were suitable for imaging of the pancreatic duct system. ERCP: endoscopic retrograde cholangio-
pancreatography; MRCP: magnetic resonance cholangiopancreatography.

variations [1, 3]. The human pancreas develops from the ven-
tral and dorsal pancreatic buds whose fusion causes the anas-
tomosis of the pancreatic ducts at the 6th to 7th embryologi-
cal week [1, 8, 9, 15, 16]. The ventral pancreatic duct and the
distal part of the dorsal pancreatic duct are anastomosed and
form the MPD of Wirsung, while the proximal part of the dor-
sal pancreatic duct becomes the APD of Santorini [1, 9, 15].
The major pancreatic duct opens into the ampulla of Vater, and
the minor pancreatic duct opens into the minor papilla [1, 9,
10]. Any alteration of the described pancreatic duct anatomy
is considered a variation, or anomaly, of the pancreatic duct
system.

In our study, we used the conventional classification of
the pancreatic duct system, which classifies the pancreatic duct
anatomy into five types. Type 1 is characterized by a bifid con-
figuration with Wirsung as the dominant duct, type 2 is charac-
terized by a bifid configuration with Santorini as the dominant

duct, type 3 is characterized by a rudimentary nondraining or
absent duct of Santorini, type 4 is characterized as pancreas
divisum, and type 5 is characterized as ansa pancreatica (Fig.
[1,2,4].

In many of the articles that we found in the literature, the
authors did not use this kind of classification; instead, they
used the term “normal pancreatic duct” to describe a pancreas
that could be classified as type 1, 2, or 3. Therefore, we could
not separate the patients between these three groups, and we
presented them as a unique type of normal pancreatic duct
anatomy (Table 2 and 3, [3-5, 7, 9-14]). In addition, some
authors used a different type of pancreatic duct classification
(e.g., Bang et al (2006) [7]; Bulow et al (2014) [5]), and the
correspondence was made according to the descriptions they
used for the type of pancreatic duct they studied.

Our study comprises a review of PubMed and Google
Scholar databases. It looks into the anatomical variations of

Table 2. Classification of the Articles According to the Number of Patients, Normal Pancreatic Duct Anatomy, and Variations [3-5,

7,9-14]

Author

No. of subjects examined Type of subjects

No. of normal Pancreas divisum Other specific types of anomalies

Filippo et al [3]

Adibelli et al [4]

Bulow et al [5]
Bang et al [7]

Kamisawa et al[9]
Shahriah et al [10]
Kim HJ et al [11]

Oracz et al [12]

Uomo et al [13]

Prasanna et al [14]

Total

350

1,158

927

582
256/3,210
65
4,097/10,243
300
485/650
40

8,260

Living patient

Living patient

Healthy volunteers 838

Living patient
Living patient
Cadaver

Living patient
Living patient
Living patient

Cadaver

8 living patients

321 18 11
1,091 54 13
89 -
531 19 32
175 81 -
55 9 1
4,054 40 3
252 33 15
437 26 22
38 2 -
7,792 (94.3%) 371 (4.5%) 97 (1.2%)

1 healthy volunteers

2 cadavers
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Table 3. Classification of Patients According to the Type of the Pancreatic Duct Course and Configuration [3-5, 7, 9-14]

No. of subjects Other specific types

Author examined Type 1 Type 2 Type 3 Type 4 Type 5 of anomalies

Adibelli 1,158 521 (45%) 42 (3.6%) 528 (45.6%) 54 (4.6%) 13 (1.2%)  No annular pancreas, agenesis,

etal [4] hypoplasia, dorsal pancreas,
accessory lobe, 2APBU
(0.17%)»

Bulow et 927 209 (22.5%) 45 (4.8%)" 584 (63%) 89 (9.6%) - -

al [5]

Shahriah 65 5(7.69%) 3 (4.6%) 47 (72.3%) 9(13.8%) - 1 duct in 3d papilla

etal [10]

Bangetal [7] 582 531 (91,2%)* non corresponding types 19 3.3%) - 32 (5.5%) duplication anomalies
(5 number - 27 form variants)

Filippo et 350 321 (91.8%) non specified type 18 (52%) - 11 ABPU (3%) no annular

al [3]

Prasanna 40 38 (95%) Excluded 2 (5%) - -

etal [14] from study

Kamisawa 256/3,210 175 (68.3%) non specified type 81 (31.6%) - 74 ABPU (28.9%)"

etal [9]

Uomo et 485/650 437 (90,1%) non specified type 26 (5.3%) - 22 Duplications (13 bifid MPD,

al [13] 4 loop, 2 N-shaped, 3 ring
shaped )

Kim HJ et 4,097/10,243 1,216 (37.7%) non specified 2,838 (69.3%) 40 (0.49%) - 2 annular (0.05%), 1

al [11] type but with APD santorinocele, 30 APBU (4.1%)"

Oracz et 300 252 (84%) non specified type 33 (11%) 8 (2.7%) 4 ABPU, 3 rare (1%) anomalies

al [12]

Total 8,260 7,792 (94.3%) 371 (4.5%) 21 (0.25%) 76 (0.92%)

*Patients with type 1, type2 and type 3 were not discriminated due to the different type of classification. *Patients that could not be classified in one
of the described types according to the classification that was used in this article. “Patients with APBU were not discriminated from the types 1to 5

but they were reported separately.

the pancreatic duct system as they are described in 10 eligible
articles. A total of 8,260 human patients (adults and children)
were included. We used the classification of the pancreatic
duct system that was described above as the most complete
and representative. Normal pancreatic duct anatomy as it is
defined by types 1, 2, and 3 was described in 7,792 patients
(94.3%) (Tables 2 and 3, [3-5, 7, 9-14]) (Fig. 3).

The most common variant was pancreas divisum (type 4),
which was described in 371 patients (4.5%). Pancreas divisum
results from failure of fusion or abnormal fusion of the dorsal
and ventral ducts of the pancreas during embryological devel-
opment [1, 2, 9]. It occurs in approximately 3% to 14% of
the population worldwide [2, 4, 5, 8, 17, 18]. However, low
percentages, less than 1%, have been reported in studies from
Asia [11, 19], whereas in Europe and the United States, its
prevalence is between 2% and 10% [4, 5, 11, 16, 20, 21]. Pan-
creas divisum has three subtypes: type 1( no communication
between dorsal and ventral pancreatic duct), type 2 (absent
ventral duct), and type 3 (small communication between the
two branches) [1, 4, 11, 17]. Only four articles separated pa-
tients according to the type of pancreas divisum they had (Ta-
ble 4, [4, 5,7, 9]) (Fig. 4).

In our study, other anomalies of the pancreatic duct system
were described in 97 patients (1.2%) and included ansa pancre-
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atica (0.25%), annular pancreas, duplication anomalies, san-
torinicele, APBU, and unspecified rare anomalies. Only three
articles reported 36 patients having ansa pancreatica (0.4%) [4,
7, 12], and only one article reported two cases of annular pan-
creas and a single patient with santorinicele [11]. Duplication
anomalies were reported in only two articles. The first one,
by Bang et al (2006), described 32 patients with duplication
anomalies who were not separately described from types I - 5
[7, 13]. The second article, by Uomo et al (1995), described 22
patients who were separated from types 1 - 5 as rare anoma-
lies [13]. APBU was described as a variant in five studies that
reported 121 patients (1.4%) as having this anomaly [3, 4, 9,
11, 12]. Only one article reported an APD that opened into the
third papilla [10]. Two articles studied cadavers and reported
results from human pancreases that included descriptions of
the pancreatic ducts that were different from the usual pan-
creatic model used by clinical doctors and also used in this
review [10, 14]. To include these two studies in our review, we
converted their results to the conventional types (1 - 5) using
their descriptions of the pancreatic ducts.

Anatomical anomalies are considered a predisposition
factor to illnesses of the pancreas such as pancreatitis or im-
pairment of the pancreatic exocrine function [6, 22]. Pancreas
divisum is especially considered by many authors as a risk
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Pancreatic duct type

H1+243
B 4 (Pancreas Divisum)
¥ 5( Ansa Pancreatica)

u Other

Figure 3. Schematic presentation of the presence of the pancreatic
duct types.

factor for chronic pancreatitis [6, 22]. In this review, we dis-
covered that, in most cases, there was no correlation between
pancreas divisum and pancreatic disease [4, 5, 8, 15, 21], even
though some authors still support that pancreas divisum might
play a role in chronic pancreatitis [1, 17, 20, 23]. In addition,
Oracz et al (2006) demonstrated that children suffering from
chronic pancreatitis are found to have pancreas divisum more
frequently and have the worst outcomes [12]. However, many
authors support that subjects with pancreas divisum are usu-
ally asymptomatic, and the percentages of chronic pancreati-
tis do not differ between these patients and those with normal
pancreatic duct anatomy [2, 5, 8]. On the contrary, annular or
circumportal pancreas is considered a strong positive factor
for postoperative pancreatic fistula after a pancreatectomy and
should be taken into serious consideration before pancreatic
surgery [2, 4, 16, 24]. Ansa pancreatica is also considered a
relevant factor to the onset of chronic pancreatitis [4]. Mor-
phology of the MPD plays a significant role in pancreatic anas-
tomoses, and an investigation to determine its correlations is
necessary before pancreatic procedures [25].

Our study has several limitations. First, this was a system-
atic review of collected data from several articles that used dif-
ferent classifications for the description of the pancreatic duct
system in the patients they studied. Second, the studies were
either prospective or retrospective, and the subjects they stud-
ied were from different populations. For example, two articles
used human cadavers, one examined healthy people, and the
remaining seven studies involved patients who suffered from a
disease of the pancreas or the bile duct system (e.g., choledo-
cholithiasis) (Table 1). Finally, some authors made discrimina-
tions between different rare anomalies, while others included
them as types 1 - 5 together with subjects that did not have

Table 4. Evaluation of Pancreas Divisum and Its Types

Pancreas divisum  Type 1 Type 2 Type 3
Adibelli et al [4] 24 20 10

Bang et al [7] 12 - 7

Bulow et al [5] 67 - 89
Kamisawa etal [9] 16 10 15

Total 119 (44%)  30(11.11%) 121 (44.8%)
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Figure 4. Schematic presentation of the percentages of pancreas di-
visum types.

that type of variation (e.g., APBU patients sometimes were re-
ferred as a separate group, and other times their presence was
overlapped by other anatomical types). To overcome this pos-
sible bias, a prospective multicenter registration strategy using
a large number of subjects is necessary.

Conclusions

Knowledge of the anatomical variations of the pancreatic ducts
is of great importance in general surgery, especially in pancre-
atic surgery, and is essential to help surgeons perform pancre-
atic anastomoses safely and effectively [8, 11]. This knowl-
edge is also crucial with regard to invasive gastroenterology
and the practicing of ERCP as a diagnostic and therapeutic
procedure [11, 14, 26]. In conclusion, surgeons, gastroenter-
ologists, and radiologists should be aware of these situations in
order to avoid iatrogenic damage of the patients [3]. Rare ana-
tomical variations of the pancreatic ducts, including pancreas
divisum, occur less than 6% of the time, but a large prospective
cohort study is necessary to determine the real incidence of the
relevant anatomical anomalies and their clinical importance.
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