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INTRODUCTION

The biliary tree and pancreatic duct anatomy are widely 
variable.[1,2] The complexity of  the biliary tree and pancreatic 
duct needs proper understanding.[1] Acknowledgment of  
such variations is necessary for pre‑operative planning to 

avoid undesirable complications.[1‑3] Magnetic resonance 
cholangiopancreatography (MRCP) is considered to be a 
noninvasive, safe, and accurate modality for the evaluation 
of  the biliary tree and pancreatic duct.[1,3] As described by 
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Couinaud, the biliary system is formed by multiple hepatic 
ducts draining hepatic segments.[4] The common hepatic 
duct (CHD) is formed by the union of  the right hepatic 
duct (RHD), which drains segments 5 to 8 and the left 
hepatic duct (LHD), which drains segments 1 to 4. Multiple 
classification systems were developed for variations in the 
RHD and LHD including Huang et al. classification.[4] As 
classified by Huang et al., the RHD is usually formed by the 
union of  the right anterior segmental duct (RASD), which 
drains segments 5 and 8 and the right posterior segmental 
duct (RPSD), which drains segments 6 and 7. This type 
of  anatomy is typical in 57% of  the cases. Also, the typical 
LHD is formed by the union of  ducts draining segments 2 
and 3 and one or more ducts draining segment 4. This type 
of  anatomy is usually represented by 82% of  cases.[4] The 
cystic duct has its variations based on its length, course, 
and site of  insertion with the CHD.[5]

The most common pancreatic duct congenital variation 
is pancreatic divisum, with a prevalence of  4‑10%.[6] This 
anomaly occurs when the ventral and dorsal pancreatic 
ducts fail to fuse during embryologic development.[6,7] There 
is a spectrum of  variations in the course of  the pancreatic 
duct.[8,9] The most common course is a descending 
course that occurs in about 50% of  cases.[8] Other types 
of  possible anatomy include sigmoid, vertical, and loop 
configurations.[8,9] Ductal configuration is also subjected 
to variations. The most common configuration is a bifid 
duct with the dominant duct of  Wirsung (major pancreatic 
duct), which occurs in 60% of  cases.[8] Other less common 
variations in the configuration include an absent duct 
of  Santorini and dominant duct of  Santorini without 
divisum.[8,10]

Anatomical variations are best defined as anomalies that 
are asymptomatic.[11] However, some may predispose to 
pathologic conditions.[9,11,12] Hepatobiliary surgery includes 
transplant, tumor resection, and laparoscopic biliary 
surgery, which are all prone to complications.[10] Anatomical 
variations in the biliary tree are expected in 42% of  the 
population.[9] Anatomical variation poses a challenge for the 
surgeon during the surgical procedure and consideration 
of  these variations is of  paramount importance to prevent 
unnecessary harm to the patients. Hence, in our present 
study, we aim to evaluate and determine the prevalence of  
anatomical variations in the biliary tree, cystic duct, and 
pancreatic duct.

MATERIALS AND METHODS

A cross‑sectional study was designed to analyze the patients 
who underwent MRCP for different reasons at our hospital 

from January 2015 to December 2017. Ethical approval 
was obtained from the institutional review board of  the 
hospital. A  total of  370 MRCPs were extracted from 
the medical information system. Data for 45  patients 
were excluded due to poor image quality and grossly 
distorted anatomy related to different pathologies. Images 
were reviewed retrospectively by two senior abdominal 
radiologists. Electronic medical records were reviewed to 
collect the demographic data including age, gender, and 
origin (Middle Eastern and non‑Middle Eastern).

The RHD and LHD were reviewed and classified according 
to Huang et al. classification.[13] The RHD is classified 
into five types according to RASD and RPSD insertions: 
type A1 RPSD drains in the RASD, type 2 is a tri‑confluence 
pattern of  RASD, RPSD, and LHD insertion, type  A3 
RPSD drains in LHD, type A4 RPSD drains in CHD, and 
type A5 RPSD drains in the cystic duct [Figure 1].[13] The 
LHD is classified into 6 types according to segment 4 duct 
insertion: Type B1 segment 4 duct drains into LHD, type B2 
segment 4 duct drains into CHD, separately of  segments 2 
and 3 ducts. Furthermore, type B3 segment 4 duct drains 
into RASD, type B4 segment 4 duct drains in CHD, type B5 
segment 4 duct drains in segment 2 duct, type B6 ducts of  
segments 2 and 3 join, and segment 4 duct joins to form 
the LHD [Figure 2].[13]

The cystic duct anatomy was classified according to 
its insertion point into CHD to right lateral insertion, 
anterior spiral insertion, posterior spiral insertion, high or 
proximal insertion, low medial insertion, and low lateral 
insertion.[5] The common bile duct diameter was also 
measured  [Figure  3]. The pancreatic duct was classified 
according to its course and configuration into descending 

Figure 1: Illustration representing the classification of the right hepatic 
duct according to Huang et al.[4]
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pancreatic duct, vertical pancreatic duct, sigmoid pancreatic 
duct, loop pancreatic duct, anomalous union of  pancreatic 
duct and bile duct, persistent duct of  Santorini with duct 
of  Wirsung as major draining route, and persistent duct 
of  Santorini with duct of  Santorini as a major draining 
route.[8,10] Also, the presence or absence of  divisum 
was observed. The pancreatic duct diameter was also 
measured [Figure 4].

Data were analyzed using the Statistical Package for Social 
Sciences (SPSS) version 23 (SPSS Inc., Chicago, Illinois, 
USA). For categorical variables, data were represented 
as numbers and percentages. For continuous variables, 
data were presented as means, standard deviation, and 
range. The prevalence of  variations was estimated for the 
total population. The population was further subdivided 
into Saudis and non‑Saudis, and Middle Eastern and 
non‑Middle Eastern.

RESULTS

A total of  325 patients were enrolled in the study. The 
average age of  patients was 45.92 ± 19.91 years  (range: 
1–93 years). Out of  the total, 200 (61.5%) patients were 
women. Further, 177 (54.5%) patients were Saudi nationals. 

A total of  240 (73.8%) patients were of  Middle Eastern 
descent. Demographics of  the enrolled patients are 
shown in Table 1. The MRCP was conducted for various 
indications. It was done primarily to evaluate biliary stones 
and jaundice. Other indications for investigation were 
also included but not exclusively to evaluate biliary tree 
malignancies and postoperative biliary complications.

Right hepatic duct
Most commonly observed variants were type  A1 and 
A2 represented in 111  (34.2%) and 105  (32.3%) cases, 
respectively (Supplementary Figures S1 and S2 of  MRCP 
showing Type A1 and A2 variation). It was followed by A3 
in 30 (9.2%) cases [Figure 5]. A total of  69 (21.2%) cases 
could not be assessed/visualized. In the Middle Eastern 
individuals, the most common variants were A2 (34.6%) 
as compared to cases in the non‑Middle Eastern group 
with A1 as the most common variants  (39%)  [Table 2]. 
Only 3 cases of  right posterior hepatic duct insertion in 
the cystic duct (variant 4) were observed.

Left hepatic duct
In the case of  LDH, the most common variant observed 
was B1, which was represented by 232  (71.4%) cases 
followed by B2 in 14 (2.5%) cases [Figure 6]. The origin 
of  specific variants are displayed in Table 3.

Table 1: Demographics of the patients enrolled in the study
Demographics n (%)

Total number of patients included 325
Mean age 45.92±19.91 years (range: 1-93 years)
Gender

Male
Female
NA

122 (37.5%)
200 (61.5%)

3 (0.9%)
Nationality

Saudi
Non-Saudi
NA

177 (54.5%)
145 (44.6%)

3 (0.9%)
Origin

Middle Eastern
Non-Middle Eastern
NA

240 (73.8%)
82 (25.2%)

3 (0.9%)
Figure 2: Illustration representing the classification of the left hepatic 
duct according to Huang et al.[4]

Figure 3: Illustration representing the variations of cystic duct insertion into the common bile duct



Aljiffry, et al.: Biliary and pancreatic duct variations

Saudi Journal of Gastroenterology | Volume 26 | Issue 4 | July-August 2020 191

Cystic duct
Right lateral insertion of  the cystic duct was the most 
common insertion variant as seen in 90 (27.7%) cases. The 
high insertion (proximal insertion) was seen in 46 (14.2%) 
cases [Figure 7 and Table 4].

Pancreatic duct and common hepatic duct
Pancreatic divisum was observed in two  (0.6%) cases 
only. The most common pancreatic duct course was a 
descending duct as observed in 126 (38.8%) cases. In the 
evaluated cases, an average diameter of  the pancreatic 

duct was 2.22  ±  1.5  mm  (range: 0.5–13  mm) and the 
average diameter of  the CBD was 7.57 ± 4.66 mm (range: 
1.5–36 mm).

DISCUSSION

Hepatobiliary and pancreatic anatomy could be challenging 
for any surgeon.[14] Knowledge of  the possible variations 
could provide the surgeon with better control to prevent any 
unwanted outcomes.[14,15] Laparoscopic cholecystectomy is 
a common and accepted procedure worldwide.[15] However, 
like any procedure, undesirable complications may occur, 
such as injuries to CBD or hepatic bile ducts, which impose a 
burden on the patients.[14,15] These complications could occur 
while clipping or transecting a duct other than the cystic 
duct.[14,15] Along with other procedures such as liver resection 
or transplantation (which has their own complications), it 
requires proper anatomical awareness and perception of  
possible different hepatic duct insertions and cystic duct 
course and length to minimize complications.[4,5,14,15] By 
far, pancreatic divisum is considered as the most common 
anomaly of  the pancreas, which is caused by the failure 
of  fusion between normal ventral and dorsal pancreatic 
duct.[7,8,10,16] Pancreatic divisum, in some studies, was 
implicated as a cause of  chronic pancreatitis.[17‑18] A recently 
published systemic review has dismissed pancreatic divisum 
as a cause for chronic pancreatitis.[10]

Table 2: Number of right hepatic duct variant
Origin Right Hepatic Duct Variant Total

A1 A2 A3 A4 A5 Couldn’t be 
assessed/visualized

Middle Eastern n (%) 78 (32.5%) 83 (34.6%) 22 (9.2%) 2 (0.8%) 5 (2.1%) 50 (20.8%) 240
Non-Middle Eastern n (%) 32 (39%) 21 (25.6%) 7 (8.5%) 1 (1.2%) 2 (2.4%) 19 (23.2%) 82

Figure 4: Illustration representing the variations of the pancreatic duct

Figure 5: Frequencies of right hepatic duct variants
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MRCP is a valuable tool, which became more widely 
available in recent years.[3,19,20] It provides a noninvasive 
and accurate depiction of  the hepatobiliary and pancreatic 
anatomy.[3,5,8,20,21] It could be used to assess biliary 
tree variations and pancreatic anomalies.[3,5,8] Other 
modalities available such as endoscopic retrograde 
cholangiopancreatography could achieve the same results, 
however, it is considered as an invasive method with a 
risk of  developing procedure‑related complications.[4] In 
our present study, the most common variation for RHD 
was A1 (34.2%) followed by A2 (32.3%). Table 5 shows 
the common variations of  RHD in our study compared 
with previous studies. The most common variation for 
LHD was B1 (71.4%) followed by B2 (4%). Our results 
are consistent with what has been reported in the previous 
studies performed in different populations and regions.[1,4,13] 
According to a study published in 2014, standard RHD 
anatomy was reported in 52.9 ‑ 58% of  the population 
and standard LHD anatomy was reported in 63% of  the 
cases.[4] In another study published in 2016, it was revealed 
that 55.3% of  the subjects had normal biliary anatomy and 
the most common variant was RPSD draining into the 

LHD, which was present in 27.6% of  the subjects.[13] In a 
study done in 2016, which focused on the cystic duct of  
198 patients who underwent MRCP, 51% of  the subjects 
had normal lateral cystic duct insertion at the middle third 
of  CHD.[5]

Our study represents data on a multi‑ethnic level, 
representative of  the population demographic of  the 
country. In Saudi patients, A2 was the most common 
variant as seen in 35.2% of  cases followed by A1 
variant (32.2%). The LHD pattern in Saudis was similar to 
what has been shown in previous studies.[4,13] Non‑Saudis 
followed a similar pattern in RHD and LHD as compared 
to other studies.[1,4,13] The people of  Middle Eastern origin 
had comparable patterns as Saudis. Non‑Middle Eastern 
individuals had a comparable pattern as for Non‑Saudis. 
In general, the abundance of  A2 variation was higher in 
our study as compared to other studies.[1,4,13] Pancreatic 
divisum frequency was lower in our study  (0.6%), as 
compared to what was reported in the previous studies, 
i.e., 4–14%.[6,8,17]

Table 3: Number of left hepatic duct variant
Origin Left Hepatic Duct Variant Total

B1 B2 B3 B5 B6 Couldn’t be 
assessed/visualized

Middle Eastern n (%) 174 (72.5%) 10 (4.2%) 1 (0.4%) 0 6 (2.5%) 49 (20.4%) 240
Non-Middle Eastern n (%) 56 (68.3%) 4 (4.9%) 0 1 (1.2%) 2 (2.4%) 19 (23.2%) 82

Table 4: Number of cystic duct insertion
Origin Cystic Duct Insertion Total

Right 
Lateral 

Insertion

Anterior 
Spiral 

Insertion

Posterior 
Spiral 

Insertion

High 
Insertion

Low 
Medial 

Insertion

Low 
Lateral 

Insertion

Couldn’t be 
assessed/
visualized

Middle Eastern n (%) 69 (28.9%) 16 (6.7%) 8 (3.3%) 33 (13.8%) 2 (0.8%) 1 (0.4%) 110 (46%) 177
Non-Middle Eastern n (%) 19 (23.2%) 7 (8.5%) 4 (4.9%) 12 (14.6%) 1 (1.2%) 0 39 (47.6%) 145

Figure 6: Frequencies of left hepatic duct variants Figure 7: Frequencies of cystic duct insertion variations



Aljiffry, et al.: Biliary and pancreatic duct variations

Saudi Journal of Gastroenterology | Volume 26 | Issue 4 | July-August 2020 193

Our study was limited in that we were not able to obtain 
the reason for performing MRCP. Also, our study included 
325 patients over the span of  2 years. Other studies that 
followed a similar study design included a range of  100–
500 patients.[1,5,13,14,22] Thus, it is recommended to further 
perform this study on a multicenter basis from different 
regions of  the country to incorporate a larger population 
and get more demographically representative results.
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Supplementary Figure S1: MRCP showing type A1 variation. The 
arrow indicates the union of RASD and RPSD. The symbol ‘star’ 
indicates the right lateral insertion of the cystic duct

Supplementary Figure S2: MRCP showing type A2 variation. The 
figure shows the union of RASD, RPSD, and LHD forming a trifurcation


