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PURPOSE
We aimed to evaluate the frequency of bile duct branching pattern variations at the hepatic
confluence in patients with pancreas divisum (PD).

METHODS

A search was performed through the hospital database using the keyword “pancreas divisum”to
identify patients. The magnetic resonance cholangiopancreatography (MRCP) images of 137 pa-
tients who were diagnosed with PD between August 2011 and November 2016 were retrospec-
tively analyzed for the presence of bile duct variations. A control group of 137 patients without
PD was established among patients investigated during the same period. Variations of the biliary
tract were grouped into seven types according to the McSweeney et al. classification.

RESULTS

Biliary tract variations were detected in 103 of a total of 274 patients. Fifty-eight PD patients
(42.3%) and 45 control patients (32.8%) had bile duct variation at the hepatic confluence level.
The patients with PD were more likely to have biliary tract variation compared with the control
group; however, it was not statistically significant (P = 0.105). The most common variation in PD
patients was type 3a variation (16.8%).

CONCLUSION

MRCP studies showed atypical bile duct confluence pattern in nearly half of both PD patients
and controls. There was no statistically significant difference in the frequency of anatomic vari-
ations at bile duct confluence in patients with PD versus those without PD. Derivation of these
structures from different outpouchings in early embryological life may explain this insignificant
difference.

ongenital anomalies of the pancreatic duct may remain undiagnosed until adult-

hood and they are often diagnosed incidentally. Pancreas divisum (PD) is the most

common congenital anomaly of the pancreas which occurs from a failure of ventral
and dorsal bud fusion (1, 2). It accounts for about 4%-14% of the population at autopsy
series, and approximately 9% are detected using magnetic resonance cholangiopancrea-
tography (MRCP) (3). In PD, the ventral (Wirsung) duct opens into the major papilla without
merging with the dorsal (Santorini) duct. The dorsal duct, which opens into the minor papil-
la, is responsible for the majority of the drainage from the pancreas. The clinical importance
of PD is not clear. Most patients are asymptomatic, whereas in some patients, PD may cause
recurrent pancreatitis due to lack of adequate drainage into duodenum via minor papilla
(3, 4). Of patients with idiopathic recurrent pancreatitis, 12%-26% have PD (5). There are
various type of examinations to evaluate the pancreaticobiliary system; however, MRCP has
been shown to be an effective noninvasive imaging modality for the visualization of the
biliary tree and pancreatic duct. Bret et al. (6) reported an accuracy rate of 100% in the diag-
nosis of PD using MRCP (6).

Laparoscopic cholecystectomy, transplantation surgery, hepatic resection, and tumor
surgery are the most common hepatobiliary surgeries in which complications related to the
bile duct variations comprise one of the most common reasons for morbidity and mortality.
Since biliary duct variations are seen in approximately 42% of population, a detailed evalu-
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ation of the biliary anatomy before surgery
must be performed to minimize morbid-
ity and mortality (7). In this respect, MRCP
is an essential, noninvasive technique. In
addition, accurate evaluation of the intra-
hepatic bile duct branching anatomy is of
utmost importance prior to left or right liver
harvesting in living donor liver transplan-
tation, as well as segmental or lobar resec-
tion. Familiarity with the bile duct branch-
ing pattern and its variations can prevent
complications which may occur during the
surgical, endoscopic, or percutaneous pro-
cedures. During laparoscopic cholecystec-
tomy, resection of the accessory sectoral
or segmental ducts may cause bile leakage,
bilioma, bile peritonitis, and ligation of the
aberrant duct may lead to recurrent chol-
angitis, hepatic abscess, and atrophy of the
involved segment (8).

As the most common pancreatic ductal
anatomic variant, in the present study, we
hypothesized that there might be an as-
sociation between the PD and the biliary
duct variation due to their closely related
embryologic origin. We, therefore, aimed to
investigate whether the PD was associated
with the biliary branching variations more
frequently and to document the prevalence
of each type of anatomic variations at the
hepatic confluence using MRCP.

Methods

This retrospective study was approved by
the institutional review board and a written
informed consent was obtained from each

* Biliary branching variations at the hepatic
hilum were observed frequently in both pan-
creas divisum (PD) patients and normal popu-
lation by magnetic resonance cholangiopan-
creatography (MRCP).

¢ Different outpouchings in the early embryo-
logic life may explain the absence of statistical-
ly significant difference in the frequency of bile
duct variations between PD patients and those
with a normal pancreatic duct.

* The most common variation in patients with
PD and without PD was abnormal drainage of
right posterior hepatic duct into the left hepat-
ic duct.

* Awareness of bile duct variations may help to
tailor the therapeutic medications in PD pa-
tients with recurrent pancreatitis, cholangitis,
and intrahepatic bile duct stones which are
thought to occur due to abnormal drainage of
the bile duct system.

participant. The study was conducted in ac-
cordance with the principles of the Declara-
tion of Helsinki.

The Radiology Information System/Pic-
ture Archiving and Communication System
(RIS/PACS; Centricity 5.0 RIS-i, GE Healthcare)
of our institution was utilized to identify
patients with PD. The study population was
composed of those who underwent MRCP
for the presence of clinical pathologies, such
as pancreatitis, cholangitis, biliary stricture
and those who were screened for live liver
donation. The patients were identified with
the search in the PACS system using the
keyword of “pancreas divisum” We retro-
spectively evaluated the MRCP images of a
total of 145 patients who were incidentally
diagnosed as having the variation PD on
MRCP performed between August 2011 and
November 2016 for the presence of bile duct
anomalies. Drainage of the dorsal pancreatic
duct via minor papilla, noncommunicated
dorsal and ventral ducts, and dominant dor-
sal duct was defined as PD on MRCP imag-
es. Due to the poor image quality eight pa-
tients were excluded from the study, leaving
a sample size of 137 patients with PD. The
control group was composed of 137 patients

without PD who were evaluated during the
same period. Control sample consisted of
patients closely resembling the PD group in
terms of demographic variables and was se-
lected from the list of patients evaluated us-
ing MRCP either for potential liver donation
or for the presence of diverse pancreaticobi-
liary disorders. Fig. 1 shows the flow diagram
of the study population.

At our institution, MRCP examinations
were performed using 1.0 T (Signa LX Hori-
zon, GE Healthcare), 1.5 T (Optima 450w,
GE Healthcare), 3.0 T (MAGNETOM Verio,
Siemens) magnetic resonance imaging
(MRI) scanners with an 8-channel torso
phased-array body coil. A total of 89 pa-
tients were examined at 1.0 T, 126 patients
at 1.5T, and 59 patients at 3.0 T MRl scanner.
The patients fasted for 6 hours prior to ex-
amination. No intravenous or oral contrast
agent was administered. T2-weighted axial
single-shot turbo spin-echo, T1-weighted
axial gradient echo (dual echo), three-di-
mensional respiratory-triggered heavily
T2-weighted fast spin-echo (coronal and
axial plane), and heavily T2-weighted thick
slab images were achieved. Besides the
heavily T2-weighted thick slab images,

MRCP examinations August 2011-November 2016

/

Search PACS using the

keyword “Pancreas Divisum”

'

145 PD patients

l

Excluded patients
(n=8)
- Motion artifacts

Included patients
(n=137)

Control group (n=137)
- Patients without PD
- Patients with pancreaticobiliary
disease (biliary stricture, pancreatitis,
biliary stones etc.), living liver donors

Evaluation for biliary variations at the hepatic
hilum by two radiologists in consensus

Figure 1. Flow diagram of study population.

MRCP, magnetic resonance cholangiopancreatography; PD, pancreas divisum.
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the axial and coronal heavily T2-weighted
source images and the maximum intensity
projection (MIP) images were analyzed to-
gether for the possible anatomic variations.

All MRCP images were reviewed by two
reviewers in consensus at the PACS Work-
station. Variations of the biliary tract were
categorized into seven groups according to
the classification of McSweeney et al. (9). In
their classification, the branching pattern of
the biliary system at the hepatic confluence
is grouped as follows:

Type 1: Normal anatomy; right hepatic
duct and left hepatic duct (LHD) merge to
form the common hepatic duct (CHD).

Type 2: Triple confluence; right posterior
(RP)-right anterior (RA) hepatic ducts and
LHD merge to form CHD.

Type 3: Abnormal drainage of RP duct
(Type 3a, RP duct drains into the LHD; Type
3b, RP duct drains into the CHD; Type 3c, RP
duct drains into the cystic duct).

Type 4: Right hepatic duct drains into the
cystic duct.

Type 5: Accessory right segmental intra-
hepatic duct drains directly into the CHD.

Type 6: Segment 2 and 3 ducts merge sep-
arately the right hepatic duct to develop CHD.

Type 7: Complicated anatomy (other than
the types indicated above).

Statistical analysis

Statistical analysis was performed using
SPSS 11.5 (SPSS Inc.). The descriptive statis-
tics were expressed as mean and standard
deviation for metric variables, frequency
and percent for categorical variables. The
Student’s t test and chi-square test were
used to compare independent groups in
terms of metric and categorical variables,
respectively. A P value of less than 0.05 was
considered statistically significant.

Results

The MRCP images of a total of 274 pa-
tients (167 women [60.9%] and 107 men
[39.1%]) were evaluated. The PD group
consisted of 59 men (43%) and 78 women
(57%), with a mean age of 54.7+13.9 years
(range, 16-81years). According to the hos-
pital records, 14 (10%) of the patients with
PD had a previous acute pancreatitis ep-
isode. The control group consisted of 48
men (35%) and 89 women (65%), with a
mean age of 55.6+15.6 years (range, 17-83
years). There were no statistical differences
between the groups in terms of age and
gender (P = 0.129, P = 0.173, respectively).
Demographic and clinical data of the study
population are represented in Table 1.

Table 1. Demographic and clinical data of study population

Control PD P

Age (years), meanSD (min-max) 55.6+15.6 (17-83) 54.7+13.9 (16-81) 0.1292
Gender, n (%)
Male 48 (35.0) 59 (43.1)

0.173
Female 89 (65.0) 78 (56.9)
Pancreaticobiliary disease, n (%) 118 (86.2) 125(91.2)
(e.g., pancreatitis, cholangitis, biliary
stricture, biliary stone)
Living liver donors 19(13.8) 8(5.8)

aStudent t test, ®Chi-square test.
PD, pancreas divisum.

Table 2. The frequency of the biliary tract variations with respect to the classification proposed by

McSweeney et al. (9)

Type 1 Type2 Type3a Type3b Type3c Typed4 Type5 Type6 Type7
Control 92 (67.2) 7(5.1) 28(204) 6(44) 2(1.5) 0(.0 1(0.7) 1(.7) 0(.0
PD 79(57.7) 19(13.9) 23(168) 3(22) 1(07) 1(07) 422 322 5(36)
Total 171(624) 26(9.5) 51(186) 9(3.3) 3(1.1) 104 5(1.8) 4(1.5 5(1.8

Data are presented as n (%).
PD, pancreas divisum.

Porsal duct

Figure 2. A 26-year-old male patient with
autoimmune pancreatitis. Oblique coronal thick
slab MRCP image shows type 1 anatomy and PD
with dorsal duct (arrow) opening into the minor
papilla.

Of 137 patients with PD, 58 patients
(42.3%) had bile ducts variations at the level
of hepatic confluence. In the control group,
45 patients (32.8%) had branching pattern
variations at the hepatic hilum. The patients
with PD seem to have more biliary tract
variations at the hepatic hilum, compared
with the control group; however, it did not
reach statistical significance (P = 0.105). Ta-
ble 2 shows the frequency of biliary tract
variations for each group.

In this study, classical branching pat-
tern (type 1) was present in 79 PD patients
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Dorsal duct

Figure 3. A 55-year-old patient with recurrent
pancreatitis. Oblique coronal thick slab MRCP image
shows RP segmental duct (arrow) opening into the
LHD (type 3a variation). Note the main pancreatic
duct continuous with the dorsal duct (arrow).

(57.7%; Fig. 2) and 92 control subjects
(67.2%). Drainage of the RP hepatic duct
into the LHD (type 3a) was the most com-
mon anatomic variant in both the PD group
(n=23, 16.8%; Fig. 3) and the control group
(n=28, 20.4%; Fig. 4). The second most com-
mon variant was triple confluence (type 2)
in both groups (13.9% in PD group, 5.1%
in the control group), in which the RP-RA
hepatic ducts and LHD drain into the CHD.
Type 3b variation was observed in 3 PD pa-
tients (2.2%; Fig. 5) and 6 control subjects
(4.4%). One patient with PD had drainage

Giirsoy Coruh et al.



Figure 4. A 67-year-old male with jaundice from
the control group. Oblique coronal thick slab MRCP
image shows RP segmental duct (arrow) opening
into the LHD (type 3a variation) and dilatation of
intrahepatic ducts and common bile duct. Note
that the main pancreatic duct continues with
ventral duct. Dorsal duct is also visible.

% Dorsal duct

*

Figure 5. A 33-year-old female patient with
elevated liver enzymes. Oblique coronal thick slab
MRCP image shows RP segmental duct (arrow)
draining into the CHD (type 3b) and the main
pancreatic duct entering the minor papilla (arrow).

of the RP duct into the cystic duct (type 4);
3 PD patients (2.2%) had type 5 anatomical
variation. The opening of Segment 2 and 3
duct separately to the right hepatic duct to
form CHD (type 6) was observed in 3 PD pa-
tients (2.2%; Fig. 6). An undefined/complex
anatomy (type 7) was observed in 5 patients
(3.6%) with PD. In one patient, Segment 2
and 3 merged with the CHD separately and
the RP segmental duct (RPSD) joined to the
Segment 2 duct. In the second patient, the
RPSD joined to the Segment 2 duct, form-
ing a short duct which drained into the dis-
tal end of the Segment 3 duct (Fig. 7). In the
third patient, the Segment 3 duct drained
into CHD separately and Segment 2 and
Segment 4 ducts joined to the RPSD. The

Dorsal A
duct

Figure 6. A 72-year-old patient with
hyperbilirubinemia. Oblique coronal thick slab
MRCP image shows segment 2 (52) and segment
3 (S3) ducts separately draining into the RHD
(type 6) and dorsal duct (arrow) opening into the
minor papilla (compatible with PD).

Figure 7. A 42-year-old woman with jaundice.
Oblique coronal thick slab MRCP image shows
right posterior segment duct (RPSD) and segment
2(S2) duct join and form a short common duct that
drains into distal end of segment 3 (S3) duct (type
7). Note also PD with the dorsal pancreatic duct
(arrow) crossing the common bile duct to drain
into the expected location of the minor papilla.

fourth patient had drainage of the Segment
3 duct to the RA segment duct. Finally, the
fifth patient had an accessory duct from
the right lobe, draining into the Segment
3 duct. In this study, the accessory right
segmental duct was observed in 6 (2.1%)
of a total of 274 patients: in four patients, it
drained into the CHD, while in one patient,
it drained into the Segment 3 duct.

Discussion

To the best of our knowledge, bile duct
variations have not been previously inves-
tigated for the PD patients. In this study,
42.3% of PD patients and 32.8% of controls
had biliary duct variation at the hepatic
confluence level. PD patients appeared to

have more biliary tract variations compared
with the control group; however, it did not
reach statistical significance.

In the human embryo, by the fourth week
of gestation, the ventral and dorsal divertic-
ula grow at the junction of the foregut and
midgut. The dorsal diverticulum develops
into the dorsal portion of the pancreas,
while the ventral diverticulum (hepatic
diverticulum) develops into the liver, gall-
bladder, bile ducts, and ventral pancreas
(10-13). During the fifth week, a rapid en-
dodermal proliferation occurs in the dilated
funnel-shaped structure above the cystic
duct. This proliferation gives rise to several
folds, which result in numerous channels at
the porta hepatis (12, 13). The existence of
several normal variants in the configuration
of the right and left hepatic ducts at the
hepatic confluence level can be partially
explained by this remodeling. The “normal”
Y-shaped junction of the right and left he-
patic ducts with the CHD is found in about
57% to 72% of adults (12, 14, 15).

The ventral pancreas merges with the
dorsal pancreas at approximately the sev-
enth week of gestation (10). PD is caused
by the failure to fuse ventral and dorsal
pancreas (1-4). The ventral pancreatic
duct and the common bile duct are linked
by their embryonic origins (both originate
from the ventral outpouching), which re-
sults in the adult configuration of their
common entrance into the duodenum at
the major papilla (11). On the other hand,
although the dorsal pancreatic duct and
biliary system are derived from closely relat-
ed structures in the early embryologic life,
they originate from different outpouchings
(10-13). This embryologic difference may
explain our observation that the frequency
of the bile duct variations in patients with
PD was not statistically different from those
with a normal pancreatic duct.

According to the literature, the frequen-
cy of bile duct variations (except the typi-
cal pattern), varies between 28% and 43%
(7, 14-19). Our results are comparable with
previously reported data: anatomic varia-
tion at the hepatic hilum was observed in
32.8% of the control group and 42.3% of the
PD patients. Among seven types of anatom-
ic variants, type 3a with drainage of the RP
duct into the LHD was the most common,
followed by type 2 (trifurcation), which
were present in 16.8% and 13.9% of PD pa-
tients, respectively. These rates for control
group were 20.4% and 5.1%, respectively,
and were compatible with those reported
in previous studies (8, 14, 20-22).
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The most common complications after
hepatobiliary surgeries are related to the
iatrogenic injuries of bile ducts. Therefore,
accurate evaluation of the biliary system is
critical, before hepatic surgery. Since the
most common variant is type 3a, in a pa-
tient with RPSD draining into LHD, ligation
of the right posterior branch during left
hepatectomy can cause biliary cirrhotic
changes at Segments 6 and 7 (18). In ad-
dition, documentation of the ductal varia-
tions is important to prevent bilioma, bile
peritonitis, biliary stricture, cholangitis,
and abscess, which may occur due to bil-
iary injuries (19).

In the present study, type 4 and type 3c
patterns were the least common variants
in PD patients (0.7% for both), and type 4
pattern was not observed in the control
group. Sarawagi et al. (8) reported similar
findings in their study. Since ligation or re-
section of the aberrant duct may lead to
complications such as bile leakage, biliary
bilioma, and bile peritonitis, knowledge of
variations of the right hepatic duct draining
into the cystic duct (type 4) is critical. If not
treated, mortality rates as high as 44% have
been reported for this condition (23).

In the literature, it has been reported
that 2% of donors have accessory hepatic
ducts which may originate from either the
left or right ductal system. Similarly, in this
study, the accessory right segmental duct
was observed in 6 patients (2.1%). For liv-
er transplantation or hepatic resection,
the accessory duct must be recognized, as
electrocautery may seal an accessory duct
during surgery. By applying an appropriate
surgical technique, complications such as
bile leakage, bilioma, or bile peritonitis can
be prevented (15).

Furthermore, it has been assumed that
recurrent pancreatitis occurs more fre-
quently in patients with PD (3, 4). Pancreati-
tis is caused by stenosis of the dorsal duct at
the minor papilla and impaired drainage of
pancreatic enzymes into duodenum (3, 4).
According to the electronic records of the
hospital information system, 14 patients
with PD (10%) previously experienced mild
episodic acute pancreatitis in our study. Of
14 PD patients with a history of pancreati-
tis, 6 patients had bile duct variations at the
hepatic hilum. Three of these patients had
type 3a, one patient had type 2, and one
patient had type 3b bile duct variation. In
addition, as in PD, biliary variation is one of
the important etiologic factors for recurrent
pancreatitis, as well as recurrent cholangitis

and hepatolithiasis. This is caused by stasis
of bile drainage which is usually seen in
type 3a branching pattern due to the acute
angle between RP and LHD (14).

There are some limitations to this study.
First, the number of the patients included
in the study was limited. With a larger pop-
ulation, a significant difference may have
been detected. Second, we were unable to
compare the results with any other modal-
ity such as endoscopic retrograde cholan-
giopancreatography. However, this is the
first study to assess the association of PD
and biliary duct variations in the literature.

In conclusion, our data did not demon-
strate a statistically significant difference in
the frequency of anatomic variations at bile
duct confluence in patients with PD versus
those without PD. MRCP showed atypical
bile duct confluence pattern in nearly half
of both PD patients and controls. The most
common variant was RP duct draining into
the LHD in both groups.
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