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Abstract

Background 1t is important for surgical purposes to
know the biliary tract anatomy and its variations in
detail. The aim of the study was to evaluate the fre-
quency of anatomical variations of the biliary tract at
hepatic bifurcation level and also at cystic duct level
using magnetic resonance cholangiopancreatography
(MRCP).

Methods A total of 1041 patients (between 16 and
102 years of age, 600 women 441 men with mean
age of 60.6) were included in the study. The MRCP
imaging was carried out with a 1.5 Tesla magnetic
resonance imaging (MRI) device by using heavily T2-
weighted sequences.

Results Among the 1041 patients included in the
study, 424 (40.7 %) showed anatomical variations at
different levels of the biliary tree, and 12 of these pa-
tients (1.15 %) had two anatomical variations. Typical
anatomy was present in 57.2% of the females and
62.1 % males. The highest incidence of variation at
the level of bifurcation was trifurcation with 133 pa-
tients (12.8 %) and at the level of cystic duct was the
medial cystic duct insertion with 56 patients (5.37 %).
Conclusions Trifurcation and medial cystic duct inser-
tion seem to be more frequent in females compared
to males. It is necessary to have the knowledge of
these variations to avoid possible complications and
also help to achieve the most effective result. MRCP
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is a helpful and noninvasive technique of diagnos-
ing bile duct variations; a preoperative description of
these variations may prevent various surgical com-
plications, and we recommend a routine preopera-
tive MRCP especially before laparoscopic cholecys-
tectomy, liver resection surgery and liver transplant

surgery.
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Introduction

The biliary tract is anatomically divided into two sec-
tions as intra- and extrahepatic ducts. The distribu-
tion of the intrahepatic biliary ducts is in harmony
with the segmental anatomy of the liver. Intrahepatic
biliary duct anatomy is coincident with liver segmen-
tal anatomy according to Couinaud classification [1,
2]. The individual biliary drainage system is parallel
to the portal system. The right hepatic duct has two
major branches: the right posterior duct draining the
posterior segments, VI and VII, and the right anterior
duct draining the anterior segments, V and VIII. The
right posterior duct has an almost horizontal course,
whereas the right anterior duct tends to have a more
vertical course. The right posterior duct usually runs
posterior to the right anterior duct and fuses it from
a left (medial) approach to form the right hepatic duct.
The left hepatic duct is formed by segmental tribu-
taries draining segments II-IV. The common hepatic
duct is formed by fusion of the right hepatic duct,
which is usually short, and the left hepatic duct. The
bile duct draining the caudate lobe usually joins the
origin of the left or right hepatic duct. The cystic duct
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Fig. 1 Aschematic figure showing the most frequent varia-
tions. Type 1: normal hepatic ductal anatomy. Type 2: theright
posterior duct (RP) drained into the junction of the right ante-
rior duct (RA) and the left main duct (LH). Type 3a: right posterior
duct (RP), draining into the left main hepatic duct (LP). Type 3b:
anomalous drainage of the right posterior duct (RP) draining into
the common hepatic duct

classically joins the common hepatic duct below the
confluence of the right and left hepatic ducts. This
typical biliary anatomy is reported to range between
58 and 68 % of cases (Fig. 1; [1-4]).

The biliary tract is under the risk of iatrogenic
damage during open or laparoscopic cholecystec-
tomy, liver resection surgery and liver transplants
from live donors because of anatomic variations. Also,
the anatomical variations of the biliary system have
been reported to lay the ground for the formation
of gallstones, recurrent pancreatitis, cholangitis and
biliary malignancies [4]. So, studies on the anatom-
ical variations of the biliary ducts, especially before
surgery and to identify their frequency, have recently
formed a new area of interest. Magnetic resonance
cholangiopancreatography (MRCP) is a magnetic res-
onance imaging (MRI) technique using T2-weighted
sequences to evaluate the anatomy and pathologies
of the pancreatobiliary system noninvasively and
without contrast injection. MRCP can be evaluated
rapidly, reliably and without the risk of complications,
it becomes the modality of choice for noninvasive
evaluation of abnormalities of the biliary tract. The
purpose of this study is to evaluate anatomical vari-
ations of the intra- and the extrahepatic biliary ducts
and to determine the frequency of each variation.

original article

Fig. 2 Normal hepatic ductal anatomiesina61-year-old
woman with diabetes mellitus (Type 1). (* Right posterior hepatic
hepatic duct, ** right anterior hepatic hepatic duct, *** left hep-
atic duct, + cystic duct, ++ common hepatic duct, +++ junction
of common hepatic duct and cystic duct, ++++ Main pancreatic
duct [Wirsung])

Materials and methods
Patient population

We retrospectively reviewed MRCPs obtained at our
radiology department between January 1, 2013 and
July 30, 2015 after obtaining the approval of the ethical
board. A total of 1170 cases were examined, 129 cases
with less than optimal results due to imaging limita-
tions or with a history of surgery on the biliary tract
except for cholecystectomy, were excluded from the
study. A total of 1041 cases were included in the study.

Imaging

The MRI examinations of the patients were performed
in our radiology department using a 1.5 T MR device
(Philips Achiva, Philips Medical System, The Nether-
lands). Patients were informed about the MCRP
imaging and they fasted for 6 hours beforehand, af-
ter which any metal items or objects on the patients
which may produce artefacts were removed. Oral or
intravenous contrast material was not used during
the investigations.

In all patients, MR examinations were done in-
cluding coronal and axial T2- weighted images (TR:
962 ms, TE: 100 ms, matrix: 312 x 268, number of
slices: 24, slice thickness: 6 mm, FOV: 35-40 cm),
coronal and axial GRE balanced FFE images (TR:
4 ms, TE: 1.24 ms, matrix: 156 x 213, number of
slices: 24, slice thickness: 7 mm, FOV: 30-35 cm).
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Fig. 3 Type 2 variation (Trifurcation: the right posterior duct
(*)drained into the junction of the right anterior duct and the left
main duct) in a 48-year old woman with cholelitiasis

The choledochus was located in the images at the
axial-coronal plane, then respiratory-triggered high-
resolution 3D-TSE T2-weighted (TR: 1466, TE: 650,
ETL: 128, matrix: 256 x 256, NSA: 1, slice thickness:
0.8 mm, FOV: 25-30 cm) para-coronal MRCP source
and maximum intensity projection (MIP) reformatted
images were obtained. MRCP is usually performed
with heavily T2-weighted sequences by using single-
shot fast spin-echo or fast spin-echo software and
both a thick-collimation (single-section) and thin-
collimation (multisection) technique with a torso
phased-array coil.

Evaluation of the images

Images of MRCP retrieved from the Picture Archiving
and Communication System (PACS) of our hospital
were reviewed by two radiologists with experience in
abdominal imaging of 1 (M. Adatepe) and 15 years
(Z. H. Adibelli). Discordant interpretations were sub-
sequently resolved by consensus of the two radiolo-
gists. Biliary system variations were classified mainly
into two groups: at the level of bifurcation and at the
level of cystic duct.

At the level of bifurcation, the typical biliary
anatomy (type 1, Fig. 1 and 2) was defined when
the right posterior duct drained into the right hep-
atic duct, and both the right and left hepatic ducts
converged into the common hepatic duct. Trifurca-
tion (type 2, Fig. 1and 3) was defined when the right
posterior duct drained into the junction of the right
anterior duct and the left main duct. Abnormal right
configuration included an anomalous drainage of the
right posterior duct, draining into the left main hep-

Fig. 4 Type3avariation(right posteriorduct(*), drainingintothe
left main hepatic duct) in an 85-year old man with acute chole-
cystitis

atic duct (type 3a; Fig. 1 and 4) or into the common
hepatic duct (type 3b; Fig. 1 and 5; [1-5]). Other rare
variants at the level of bifurcation were quadrifurca-
tion; filling defects evaluated as vascular compression
on the common hepatic duct, aberrant right hepatic
duct (insertion into the main hepatic duct proximally
at the cystic duct, Fig. 6), duplication variant (fusion
of the gallbladder with the right hepatic duct and
fusion with the left hepatic duct proximally at the
ampulla), insertion of the cystic duct into the right
hepatic duct, and high localized gall bladder [5].

At the level of the cystic duct; insertion of the cystic
duct into the one-third distal aspect of the extrahep-
atic bile duct was assessed as a long cystic duct or
distal insertion; an insertion from the left was evalu-
ated as a medial insertion (Fig. 7), and a cystic duct
length shorter than 5 mm was evaluated as a short
cystic duct. Other rare variants at the level of the cys-
tic duct were an aberrant right hepatic duct (insertion
into the cystic duct with a right lateral fusion with the
main hepatic duct), and an aberrant right posterior
duct (insertion into the cystic duct with a medial fu-
sion into the main hepatic duct) [5].

Statistical analysis

Statistical significance was assumed at a P-value of
< 0.05. Data documentation and statistical analyses
were performed using Excel (v.2007, Microsoft Corpo-
ration, Redmond, WA, USA) and SPSS v.14 (SPSS Inc,
Chicago, IL, USA).
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Fig. 5 Type 3b variation (anomalous drainage of the right pos-
teriorduct (*)draininginto the common hepatic duct)ina35-year
old man with choledocholithiasis

512 x 512 px

Fig. 7 Distal medialinsertion of a cystic duct (*)intoacommon
hepatic ductin a 64- year old woman with acute cholecystitis

Results

We retrospectively evaluated the results of 1041 pa-
tients who underwent MRCP in our radiology depart-
ment prior to liver resection surgery or due to suspi-
cion of pancreatobiliary disease. Among the 1041 pa-
tients included in the study, 600 were female (57.6 %)
and 441 were male (42.4%). The mean age was 60.6
and the ages were between 16 and 102.

512 x 512 px

Fig. 6 Uncommon biliary variantina71-year old woman eval-
uated after cholecystectomy operation. MRCP shows aberrant
duct of segment 5 draining in to the common hepatic duct

Among the 1041 patients, 320 patients (30.7%) had
a history of cholecystectomy before MRCP examina-
tion, gall stones were found in 332 patients (31.9%) at
the time of MRCP examination. Choledocholithiasis
was found in 134 (12.8%) patients.

In this study, a total of 424 patients (40.7 %) had
anatomical variations of the intra- and extrahepatic
bile ducts, 12 of them (1.15 %) had two anatomic vari-
ations (Tab. 1). Among the 424 patients, 257 were
female (42.8 % of all female patients), 167 were male
(37.9% of all male patients). The anatomical varia-
tions between the genders are shown in Tab. 2 and
Tab. 3.

The most commonly observed variation at the level
of the bifurcation was the right posterior duct drained
into the junction of the right anterior duct and the
left main duct (133 patients, 12.8 %) (Tab. 2). On the
other hand, the most commonly observed variation
at the level of the cystic duct was the medial cystic
duct insertion in 56 patients (5.37 %) (Tab. 3). The
distribution of the variations among the patients at
the bifurcation level is summarized in Tab. 2, the dis-
tribution of the variations among the patients at the
level of cystic duct is summarized in Tab. 3.

Discussion

Knowing the anatomical variations during surgical
procedures is very important, especially when work-
ing on anatomic areas with high rates of variations,
such as the hepatobiliary system. Many anatom-
ical studies have been conducted in order to de-
termine the specific anatomical variations, using
cadaveric material, intra-operative data, or imaging
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Tab. 1 Distribution of the variations in the patients in whom duplicate variations were detected

Variations Number of Ratio to the total Male, n Female, n
patients number of patients
(%)
Distal medial insertion of the cystic duct into the main hepatic duct with trifurcation 6 0.57 3} 3
Insertion of the right posterior segmental branch into the common hepatic duct and 1 0.09 1
distal medial cystic duct insertion into the main hepatic duct
Insertion of the right posterior segmental branch into the left hepatic duct and distal 3 0.28 1 2
medial cystic duct insertion into the main hepatic duct
Insertion of the right posterior segmental branch into the common hepatic duct and long 1 0.09 1
cystic duct
Insertion of the right posterior segmental branch into the left hepatic duct and medial 1 0.09 1
cystic duct insertion into the main hepatic duct
Total 12 1.15 5 7
Tab. 2 Normal and anatomical variations at the cystic level
Variations Number of variations ~ Male, n (%) Female, n (%)
and percent (%)
Typical cystic duct insertion 952 (91.45) 407 (92.29) 545 (90.83)
Medial cystic duct insertion 20 (1.92) 4(0.9) 16 (2.66)
Distal medial insertion 56 (5.37) 27 (6.12) 29 (4.83)
Short cystic duct 4(0.38) 2 (0.45) 2(0.33)
Long cystic duct 4(0.38) 1(0.22) 3(0.5)
Insertion of the segment 5 duct into the cystic duct 1(0.09) 1(0.16)
Insertion of right dorsocaudal branch in to the cystic duct 2(0.19) 2(0.33)
Pancreatobiliary junction anomaly 2(0.19 2(0.33)
Total 1041 (100) 441 (100) 600 (100)
Tab. 3 Normal and anatomical variations at the bifurcation level
Variations Number of variations ~ Male, n (%) Female, n (%)
and percent (%)
Typical bifurcation (type 1) 693 (66.57) 302(68.48) 391 (65.16)
Trifurcation (type 2) 133 (12.77) 45(10.22) 88 (14.64)
Right dorsocaudal branch draining into 126 (12.1) 57 (12.92) 69 (11.5)
the left hepatic duct (type 3 A)
Aberrant right hepatic duct emptying into 52 (4.99) 23 (5.21) 29 (4.83)
the common hepatic duct (type 3B)
Quadrifurcation 4(0.38) 2(0.45) 2(0.33)
Vascular compression on the common hepatic duct 10 (0.96) 4 (0.90) 6(0.99)
Right anterior hepatic duct insertion 2(0.19) 1(0.22) 1(0.16)
into the common hepatic duct
Aberrant segment 5 and 6 ducts (insertion into the common hepatic duct) 1(0.09) 1(0.16)
Insertion of the cystic duct into the right hepatic duct 2(0.19) 1(0.22) 1(0.16)
Insertion of the cystic duct into the right dorsocaudal branch 3(0.28) 1(0.22) 2(0.33)
Cystic duct emptying into the hepatic bifurcation 1(0.09) 1(0.16)
Aberrant segment 6duct (Insertion into the common hepatic duct) 2(0.19) 1(0.22) 1(0.16)
Aberrant segment 3 duct (Insertion into the common hepatic duct) 3(0.28) 1(0.22) 2(0.33)
Aberrant segment 4 duct (Insertion into the common hepatic duct) 2(0.19) 1(0.22) 1(0.16)
Aberrant segment 5 duct (Insertion into the common hepatic duct) 3(0.28) 1(0.22) 2(0.33)
Caudate segment bile duct draining into common hepatic duct 1(0.09) 1(0.16)
Caudate segment bile duct draining into common bile duct 2(0.19) 2(0.33)
Total 1041 (100) 441 600
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Tab. 4 Review of the literature reporting biliary anatomic variants
Imaging technique

First author Year Region Cases, n
Nakamura [18] 2002 Japan 120
Vidal [19] 2007 France 45
Sirvanci [20] 2007 Turkey 62
Karakas [21] 2008 Turkey 112
Cucchetti [3] 2011 [taly 200
Mariolis-Sapsakos [2] 2012 Greece 73
Onder [4] 2012 Turkey 590
Uysal [5] 2013 Turkey 1011
Present Study 2015 Turkey 1041

such as ultrasonography and MRCP [1, 2, 6]. By us-
ing direct cholangiography methods (percutaneous
transhepatic cholangiography (PTC) and endoscopic
retrograde cholangiopancreatography [ERCP]) or in-
direct cholangiography methods (transabdominal
ultrasonography, CT cholangiography and MRCP), we
may obtain images of the biliary ducts [5]. MRCP
has certain advantages over the other techniques; it is
safer (no exposure to ionizing radiation, no using con-
trast agent, no premedication) than invasive methods
(ERP and PTC), it can be also used for staging ma-
lignancy and it does not carry the risk of developing
complications, it can be applied during acute attacks
of pancreatitis and cholangitis, it gives us the chance
to view the extraductal structures as well as by using
the conventional T1-T2 -weighted images. ERCP and
PTC have some superior benefits, such as tissue sam-
pling and therapy, as compared to MRCP. However,
these advantages are accompanied by a range of com-
plications (major complications of ERCP 1.38% and
deaths 0.21 %, major complications of therapeutic
ERCPs 5.4 % and deaths 0.49 %, the major compli-
cation of PTC < 5% and deaths 0.1 %; [7-9]). The
limitations of MRCP are its low resolution, the in-
ability to show minor ductal pathologies and the
inability to perform therapeutic interventions during
the procedure.

Gallbladder disease is a common problem today;
approximately 10-15% of the western population
have gallstones [10-12]. Age, gender, race, obesity,
diabetes and parity have all been identified as signifi-
cant risk factors for the development of gallstones. In
one study, a 15.4% prevalence rate of cholelithiasis
was found in a Turkish population sample of post-
menopausal women [13]. In our study group, a total
of 652 patients had gallstones before and at the time
of MRCP (62.6%) and choledocholithiasis was found
in 134 (12.8%) patients. The rate of gallstones and
choledocholithiasis in our study group is higher than
these rates, because most of our patients were eval-
uated by MRCP due to suspicion of pancreatobiliary
disease. The mean age (which was 60.6) and the fe-
male/male ratio (which was 1.3) of our study group

Intrahepatic biliary anatomy, n (%)

Type 1 Type 2 Type 3 A/3B

Cholangiography 78 (65.0 11 (9.2) 29 (24.2)
MRCP 36 (80.0) 2(4.4) 4(8.9)
Cholangiography 43 (69.3) 6(9.7) 11 (17.7)
MRCP 61 (54.5) 16 (14.3) 35(31.2)
Cholangiography 129 (64.5) 28 (14.0) 40 (20.0)
Cadaveric 48 (65.7) 7(9.6) 14 (19.1)
MRCP 471 (79.8) 30 (8) 89 (15.1)
MRCP 803 (79.4) 81(8) 115 (11.4)
MRCP 693(66.57) 133(12.7) 178 (17.1)

was also cause of that high incidence of cholelithiasis
and choledocholithiasis.

Anatomical variations of the biliary tract were ob-
served in 424 (40.7 %) of the 1041 patients included in
our study. When the variations were divided into two
groups such as those at the bifurcation level and the
cystic duct level, it was found that the most frequently
observed variation in general was at the bifurcation
level. The drainage of the right posterior hepatic duct
into junction of the right anterior duct and the left
main duct (trifurcation, Type 2) was the most com-
mon variation at the bifurcation level with 133 pa-
tients (12.8 %) and a typical biliary anatomy (Type 1)
was found in 693 patients (66.5%). (Tab. 2). We re-
port the distributions of normal biliary anatomy and
its variants published in the last 10 years, originating
from the literature search shown in Tab. 4. The typ-
ical intrahepatic biliary anatomy is present in about
60 % of Europeans and Americans, whereas a slightly
higher prevalence was observed in Asians (65 %), and
these rates are similar to our study [3].

On the other hand, Uysal et al. [5] evaluated MRCP
investigations of 1011 patients in one of the largest
studies in Turkey; typical intrahepatic biliary anatomy
was present in about 80 % of their study group, trifur-
cation turned out to be the most common anatomic
variation in their study, with the aberrant right hep-
atic duct emptying into the common hepatic duct
(Type 3B) as the second most common finding. In
our study, typical biliary anatomy was found in about
66.5 % which is lower than their value. Trifurcation
was to be the most common anatomic variation in
our study also, but right dorsocaudal branch draining
into the left hepatic duct (Type 3 A) was the second
most common finding. The partial difference may be
due to the study populations. Even though both of
the populations are from the Aegean part of Turkey,
our patients received MRCP mostly due to suspicion
of pancreatobiliary disease. The patients in the study
by Uysal et al. were evaluated due to suspicion of pan-
creatobiliary disease and also to examine the anatomy
of liver donor candidates.

The aim of our study, which to the best of our
knowledge has the largest sample size in the literature
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was to evaluate the frequency of anatomical variations
at bifurcation and cystic duct level together during
a certain time interval. In an MRCP study of 590 cases
by Onder et al. [4] it was found that at the level of the
cystic duct, medial insertion of the cystic duct was
viewed in 58 patients (9.8 %), distal medial insertion
was seen in 40 patients (6.8%), a short cystic duct
was detected in 10 patients (1.7 %). In our study, typi-
cal cystic duct insertion was observed in 952 patients
(91.4 %) and the most frequently observed variation at
the level of the cystic duct was medial insertion ob-
served in 56 patients (5.37 %). The prevalence rates of
anatomic variants especially at cystic level are differ-
ent in our study group (Tab. 3). Our study population
is mostly from Aegean part of Turkey, Onder et al.s
study group was from south eastern part of Turkey,
the different prevalence may be because of ethnicity
and using 1.5 and 3 T MRI device.

In our study population, the female to male ratio
was 1.36. When we consider biliary duct anatomical
variations both at the level of bifurcation and cystic
duct, we found that 42.8 % of the female patients and
37.91 % of the male patients of our study population
had anatomic variation, 12 patients had two anatomic
variations at both levels (Tab. 1-3). Cucchetti et al.
informed of a female to male ratio that ranges from
1.7 for an abnormal right configuration of the poste-
rior right duct to 3.7 for biliary trifurcation [3]. Uysal
et al. found a female to male ratio ranging from 1.6
for the right dorso-caudal branch draining into the
left hepatic duct to 3.3 for biliary trifurcation [5]. We
found female to male ratios; 1.34 for Type 1 config-
uration, 1.96 for trifurcation, 1.21 for Type 3 A, 0.97
for type 3B, 4 for medial cystic duct insertion to com-
mon hepatic duct. This may be the consequence of
different embryologic development. The knowledge
that females can more frequently present an abnor-
mal biliary duct configuration can also help surgeons
to avoid surgical injury.

It is very important to identify atypical or anoma-
lous ducts preoperatively or intra-operatively and to
use the appropriate the surgical technique in order to
avoid serious postoperative complications. The pres-
ence of anomalies of the cystic duct and the hepatic
bile ducts, for example with drainage of the cystic duct
into the left side of the common hepatic duct, con-
stitute one of the major causes of bile duct injuries
after laparoscopic cholecystectomy [2, 14]. Also, the
knowledge of anatomical variations can help surgeons
to plan potential living donor evaluation and liver re-
section surgery [3]. MRCP is a helpful and non-inva-
sive technique of to diagnose bile duct variations to
prevent various surgical complications. However, in
times of reduced financial resources, it may not be
possible to perform MRCP in every patient preopera-
tively. It is of interest to evaluate the anatomy during
the surgery. The primary method would be clean dis-
section and accurate visual identification of the con-
tents of Calot’s triangle [15]. Therefore, meticulous

surgical preparation of the bile ducts and Calot’s tri-
angle are indispensable in finding the exact anatomy
intraoperatively, so intraoperative cholangiography to
document the bile duct anatomy may be used. Using
a routine intraoperative cholangiography in evaluat-
ing biliary anatomy and preventing misidentification
has been a point of contention amongst biliary sur-
geons and there is conflicting evidence on its value
[15]. Also, there is not consensus on the use of la-
paroscopic ultrasound or colour Doppler ultrasound
for identification of the ducts and arteries [16]. How-
ever, cost is also a factor to consider for these alter-
natives of MRCP. In addition to this, intra-operative
errors in perception, judgment, and decision-making
occasionally cause bile duct injuries [17] So, we think
that intraoperative procedures result in a higher risk
on the surgeon’s part, and if the surgeon and the radi-
ologist were to examine the biliary anatomy together
before surgery by using MRCP, this would reduce rate
of surgical injury.

There are some limitations of our study. One of
them is that we do not have a reference standard be-
cause of ethical issues; the patients did not undergo
more invasive imaging techniques such as cholan-
giography or surgery. The second limitation is that
most of our patients underwent MRCP in our radiol-
ogy department with suspected biliary or pancreatic
disease and because of this our study population may
not sample the population. The third limitation is the
retrospective nature of the study:.

In conclusion, the typical intra-hepatic biliary
anatomy (Type 1) is present in about 66.7% and
typical cystic duct insertion is observed in about
91.4 % of our study group. The two most common
variations were trifurcation of the right anterior seg-
mental duct, right posterior segmental duct, and left
hepatic duct (Type 2, 12.8 %) and the right posterior
duct draining into the left main hepatic duct (Type 3a,
12.1 %). Trifurcation and medial insertion of the cys-
tic duct seem to be more frequent in females than
in males. With the increase in hepatic surgical pro-
cedures and biliary interventions, it is necessary to
have widespread and appropriate knowledge of these
anatomical variations, in order to avoid possible com-
plications and also help to achieve the most effective
result. We recommend a routine preoperative MRCP
especially before laparoscopic cholecystectomy, liver
resection surgery and liver transplant surgery. MRCP
is a helpful and noninvasive technique to diagnose
bile duct variations and a preoperative description
of these variations, and may prevent various surgical
complications.

Compliance with ethical guidelines

Conflict of interest M. Adatepe, Z.H. Adibelli, O.S. Esen,
C.Imamoglu, M. Yildirim and N. Erkan state that there are no
conflicts of interest.

302  Anatomic Variations of Biliary Ducts

@ Springer



original article

Ethical standards All procedures followed in accordance
with the ethical standards of the responsible committee on
human experimentation (institutional) and with the Helsinki
Declaration of 1975, as revised in 2008. This was a retrospec-
tive study, informed consent was obtained from all patients
before MRI examinations.

References

1. Mortele K, Ros PR. Anatomicvariants of the biliary tree: MR
cholangiographic findings and clinical applications. Am J
Roentgenol. 2001;177:389-94.

2. Mariolis-Sapsakos T, Kalles V, Papatheodorou K, Goutas N,
Papapanagiotou I, Flessas I, Kaklamanos I, Arvanitis DL,
Konstantinou E, Sgantzos MN. Anatomic variations of the
right hepatic duct: results and surgical implications from a
cadavericstudy. AnatResInt. 2012;2012:838179.

3. Cucchetti A, Peri E, Cescon M, Zanello M, Ercolani G,
Zanfi C, Bertuzzo V, Di Gioia B, Pinna AD. Anatomic
variations of intrahepatic bile ducts in a European series
and meta-analysis of the literature. J Gastrointest Surg.
2011;15:623-30.

4. Onder H, Ozdemir MS, Tekbas G, Ekici E Giimiis E Bilici A.
3-T MRI of the biliary tract variations. Surg Radiol Anat.
2013;35:161-7.

5. Uysal E Obuz E Ugar A, Secil M, Igci E, Dicle O. Anatomic
variations of the intrahepatic bile ducts: Analysis of
magnetic resonance cholangiopancreatography in 1,011
consecutive patients. Digestion. 2014;89:194-200.

6. Zheng RQ, Chen GH, Xu EJ, et al. Evaluating biliary
anatomyand variationsinlivingliver donors byanewtech-
nique: three-dimensional contrast-enhanced ultrasonic
cholangiography. Ultrasound Med Biol. 2010;36:1282-7.

7. Tse E BarkunJS, Romagnuolo J, Friedman G, Bornstein JD,
Barkun AN.Nonoperativeimaging techniquesinsuspected
biliarytractobstruction. HPB (Oxford). 2006;8:409-25.

8. Ferrucci JTJR, Mueller PR, Harbin WP. Percutaneous
transhepatic biliary drainage: technique, results, and
applications. Radiology. 1980;135:1-13.

9. Cotton PB, Speer AG. Risks and benefits of percuta-
neous transhepatic biliary drainage. Gastroenterology.
1987;93:667-8.

10

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

21.

. NakeebA, Comuzzie AG,MartinL, etal. Gallstones: genetics
versus environment. Ann Surg. 2002;235(6):842-9.

Stinton LM, Myers RP, Shaffer EA. Epidemiology of gall-
stones. Gastroenterol Clin NorthAm. 2010;39(2):157-69.
Salinas G, Velasquez C, Saavedra L, et al. Prevalence and
risk factors for gallstone disease. Surg Laparosc Endosc
Percutan Tech. 2004;14:250-3.

. Karayalcin R, Genc V, Karaca AS, Ozaksit G. Preva-
lence of cholelithiasis in a Turkish population sam-
ple of postmenopausal women. Turk J Gastroenterol.
2010;21(4):416-20.

Strasberg SM. Avoidance of biliary injury during laparo-
scopic chelocystectomy. ] Hepatobiliary Pancreat Surg.
2002;9:543-7.

Nagral S. Anatomy relevant to cholecystectomy. J Minim
AccessSurg. 2005;1(2):53-8.

Xu E Xu CG, Xu DZ. A new method of preventing bile
duct injury in laparoscopic cholecystectomy. World J
Gastroenterol. 2004;10:2916-8.

MadaniA, WatanabeY, Feldman L, Vassilou MC, Barkun]Js,
Fried GM, Aggarwal R. Expertintraoperative judgmentand
decision-making: Defining the cognitive competencies
for safe laparoscopic cholecystectomy. J Am Coll Surg.
2015;221:931-40.

Nakamura T, Tanaka K, Kiuchi T, Kasahara M, Oike E Ueda
M, Kaihara S, Egawa H, Ozden I, Kobayashi N, Uemoto S.
Anatomical variations and surgical strategies in right lobe
living donor liver transplantation: lessons from 120 cases.
Transplantation. 2002;73:1896-903.

Vidal V, Hardwigsen J, Jacquier A, Le Corroller T, Gaubert
JY, Moulin G, Bartoli JM, Petit B, Champsaur P. Anatomic
variants of the biliary tree with MR cholangiography:
feasibility and surgical applications. ] Chir (Paris).
2007;144:505-7.

Sirvanci M, Duran C, Ozturk E, Balci D, Dayangac M, Onat
L, YuzerY, TokatY, Killi R. The value of magnetic resonance
cholangiography in the preoperative assessment of living
liver donors. ClinImaging. 2007;31:401-5.

Karakas HM, Celik T, Alicioglu B. Bile duct anatomy of
the Anatolian Caucasian population: Huang classification
revisited. SurgRadiol Anat. 2008;30:539-45.

@ Springer

Anatomic Variations of Biliary Ducts 303



	Anatomic Variations of Biliary Ducts: Magnetic Resonance Cholangiopancreatography Findings of 1041 Consecutive Patients
	Abstract
	Introduction
	Materials and methods
	Patient population
	Imaging
	Evaluation of the images
	Statistical analysis

	Results
	Discussion
	References


