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The twofold purpose of this study was firstly to analyse the imaging features of various anatomical
variants of the intra-hepatic biliary tree using magnetic resonance cholangio-pancreatography
(MRCP) and to document the prevalence of each type in our population. The second aim was to
perform a systematic review in order to evaluate the prevalence of anatomic variations of the
intrahepatic biliary system in different studies and with different imaging methods. Patients who
underwent MRCP between January 2009 and December 2011 were included and analyzed. All
examinations were obtained using 1.5 Tesla MRI and 8 channel phased-array coil. In order to
compare data coming from the present study and different series published by other authors, a
comprehensive literature search using the MEDLINE and Pubmed databases was performed,
covering the period from January 1980 to December 2017. Among 534 patients, normal
morphology of the intrahepatic biliary system (Type 1) was found in 55% of cases. The second
most frequent presentation, in about 19.8% of patients, was Type 3a with right posterior duct (RPD)
emptying into the left hepatic duct. Triple confluence morphology (Type 2) was found in 10.1% of
cases; only 6.7% of patients presented with Type 3b variant with aberrant RPD draining into the
common hepatic duct. In about 8.4% of cases, more complex biliary variants were found. At the
time of this review, thirty studies employing different imaging methods were identified in the
literature search, of which fifteen used MRCP, eleven used intra-operative cholangiography, three
used CT-cholangiography and one ERCP. Taking into account all of the studies, the total number of
patients was 14,322. Type 1 presentation ranged from 40% to 80%. A correct understanding of the
biliary three anatomy through MRCP study is feasible and it may be very useful in order to plan
complex hepatobiliary surgeries and to prevent iatrogenic injuries.

© EuroMediterranean Biomedical Journal 2020

1. Introduction

An accurate knowledge of the normal branching pattern of intrahepatic
bile ducts and their variations is of crucial importance for liver and biliary

Moreover, the correct identification of the cystic duct - common hepatic
duct (CD-CHD) junction is very important to avoid iatrogenic biliary
injuries during laparoscopic cholecystectomy. Currently, Magnetic
Resonance Cholangio-Pancreatography (MRCP) is an accurate non-

tract surgery including liver transplantation, tumor resection and invasive radiologic imaging considered to be the “gold standard”

laparoscopic hepatobiliary surgeries (1,2).

diagnostic tool for the pre- operative study of the biliary tree (3,4).
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Furthermore, MRCP is a safe diagnostic procedure, which is able to
demonstrate the biliary anatomy with no contrast medium administration
and without any exposure to ionizing radiation. Knowledge of the biliary
system is associated with understanding of its embryologic development
which may help to explain any anatomic variants and reveal important
clinical implications.

The purpose of this study was to analyse the imaging features of various
anatomical variations of intra-hepatic biliary tree anatomy by using
MRCP and to document the prevalence of each type in our population.
The second aim was to perform a systematic review in order to evaluate
the prevalence of anatomic variations of the intrahepatic biliary system in
different studies and with different imaging methods.

2. Material and methods

We retrospectively analysed patients who underwent MRCP between
January 2009 and December 2011; all examinations were obtained using
1.5 Tesla MRI and 8 channel phased-array coil. For the current analysis,
we included MRCP examinations obtained using two dimensional (2D)
Single Shot Fast Spin Echo (SSFSE) sequences and three dimensional
(3D) Fast Recovery Fast Spin Echo (FRFSE) acquisitions. 2D SSFSE
were obtained using both thin acquisitions and thick slab sequences ; these
were centered on hepatic hilum and/or biliary-pancreatic ducts
confluence. 3D FRFSE sequences were respiratory-triggered and/or
obtained in a breath-hold modality.

Technical features of our MRCP protocol are listed in Table 1.
Examinations with incomplete or inadequate protocol were excluded from
the current analysis. The main exclusion criteria were: 1) poor quality
imaging due to artifacts damaging 2D SSFSE and/or

3D FRFSE acquisitions; 2) the presence of any intra-abdominal fluid
collections, with poor visualization of hepatic area ; 3) history of prior
hepatobiliary surgery or cholecystectomy; 4) incomplete examinations for
patients with no MRCP sequences.

For each patient, two gastrointestinal radiologists reviewed MRCP
acquisitions at a dedicated workstation. They analyzed the morphology of
the intrahepatic bile ducts, recording variations with respect to the
Yoshida classification (1), and registered the morphology and the course
of the cystic duct. The most frequent anatomic variants of the biliary tree,
according to the mentioned classification are detailed here. The normal
morphology of intrahepatic bile ducts is defined as

Type |: the right posterior duct (RPD) usually runs posterior to the right
anterior duct (RAD) and fuses it from a left (medial) approach to form the
right hepatic duct. The left hepatic duct is formed by segmental
tributaries, draining segments I1-1V. (Figure 1).

Type 1I: RPD, RAD and the left hepatic duct joining at the same point, the
so-called triple confluence (Figure 2).

Type 111 a: the RPD emptying on the left hepatic duct (Figure 3).

Type 111 b: aberrant RPD draining directly into the common hepatic duct
(Figure 4).

Type 11 ¢, which results in anomalous drainage of the right posterior duct
into the cystic duct, as shown in Figure 6b/c.

Type IV is defined as complete drainage of the right hepatic duct into the
cystic duct.

Type V includes an accessory duct that drains part of the right lobe, more
in detail in subtype 5a, the accessory duct empties into the common
hepatic duct (as shown in Figure 6a), instead in subtype 5b it joins with
the right hepatic duct.

Type VI has an individual drainage of the Il and 11l segments of the left
liver, that usually form a unique left hepatic duct, into the right hepatic
duct or into the common hepatic duct.

To conclude Type VIII includes unclassified, combined or more complex
biliary variants.

The cystic duct may also present variations in its morphology with cranial
or caudal emptying and implantation may be medial, posterior, anterior or
lateral, related to the wall side of the common bile duct; however, its
course may appear convoluted or parallel, as shown in Figure 5.

The study conformed to the principles outlined in the Declaration of
Helsinki. A written informed consent was obtained from all patients
before radiologic examination.

In order to compare data coming from the present study and the literature,
a comprehensive literature search of the MEDLINE and Pubmed
databases was performed, covering the period from January 1980 to
December 2017 according to PRISMA guidelines (http://www.prisma-
statement.org/). The following keywords were used for the bibliographic
search: intra-hepatic biliary tree, bile ducts, biliary system, magnetic-
cholangio-pancreatography, biliary anatomy, anatomic
variations. All studies containing material relevant to the topic were
considered. All the studies included in this systematic review used the
same Yoshida classification for biliary anatomy. Retrieved studies were
reviewed by the authors, and the data extracted using a standardized
collection tool. The data were analyzed using descriptive statistics.

resonance

THICKNESS GAP TIME REQUIRED
THICK SLAB 2D SSFSE 50 mm na 1-2 sec for slice/2 min
THIN-SECTION 2D SSFSE 3 mm 0-1 mm 20-25 sec
RESPIRATORY-TRIGGERED 3D FRFSE 2-3 mm I mm 2-3 min
BREATH-HOLD 3D FRFSE 3 mm 0-1 mm 24-27 sec

Table 1. Parameters used in our MRCP protocol. (SSFSE: Shot Fast
Spin Echo sequences; FRFSE: Fast Recovery Fast Spin Echo
acquisitions.)

Type 1

Figure 1. la. MRCP sequences depict intrahepatic biliary tree
anatomy. This figure shows type | variant with right posterior (RPD)
(white arrow) and right anterior duct (RAD) (arrowhead) that join to
form the right hepatic duct (empty arrow). Right hepatic duct joined
to the left hepatic duct (full arrow) to form the common hepatic duct
(curved arrow). 1b. Didactical illustration, Type I.

Figure 2. 2a. Type 11 consists of RPD (full arrow), RAD (white arrow)
and LHD (curved arrow) draining at the same point into the common
hepatic duct. 2b. Didactical illustration, Type II.
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Figure 3. 3a. Type Illa consists of RPD (white arrow) draining into
the left hepatic duct (full arrow). 3b. Didactical illustration, Type
Ia.

Type 3b

Figure 4. 4a. In Type Il b we found an aberrant RPD (arrow)
draining into the common hepatic duct. 4b. Didactical illustration,
Typelll b.

Figure 5. 5a. Cystic duct (full arrow) emptying in the distal third of
the common hepatic duct, with parallel course on the medial wall. 5b.
A normal implant of the cystic duct (white arrow), on the middle
third of the common hepatic duct, on the lateral side wall. 5c. A high
implant of the cystic duct (curved arrow) on the cranial third of the

common hepatic duct with a convolute course.

;
-l

Figure 6. Complex biliary tree variants. a. An accessory RPD (full

arrow) draining into the common hepatic duct (curved arrow). b.
Another rare biliary tree variant with an aberrant right hepatic duct
(white arrow) opening into the cystic duct (full arrow). Biliary stone is
noted in the common hepatic duct. c. Didactical illustration of
hepatocystic duct.

3. Results

Among 534 patients, including 288 males and 246 females, a normal
morphology of intrahepatic biliary system (Type I) was found in 55% of
cases. The second most frequent presentation, in about 20% of patients,
was Type Ill a with RPD emptying on the left hepatic duct. The triple
confluence morphology (Type Il) was found in 10.1% of cases.

Only 6.7% of patients presented Type3b variant with aberrant RPD
draining into the common hepatic duct; it was found that, in the presence
of this variation, in 42% of patients with Type II1 b variant, the cystic duct
drained directly into the aberrant duct. In about 8.4% of cases, more
complex biliary variants were found (Figure 6). More in detail, these less
common biliary variants were classified by Yoshida et al. (1). All
anatomic presentations of the intrahepatic biliary tree are summarized in
Table 2. Regarding the anatomy of the cystic duct, in 57% of patients a
normal anatomy was observed, with 44% of cases showing implantation
on the posterior side wall of the common bile duct, as reported in Table 3.
In 14.8% of patients, the implantation of the cystic duct was cranial; in
16.6% of cases, the cystic duct joined the caudal portion of the common
bile duct. In about 12% of cases, the course of the cystic duct was not
depicted on MRCP images: consequently, we reported these conditions as
"unclassified". By analyzing the course of the cystic duct in relation to the
common hepatic duct, a parallel course was detected in 36.7% of patients
and a convolute course in 26.4% of cases.

At the time of this review, thirty studies were identified by the literature
search (5-32), of which fifteen were MRCP studies, eleven intra-operative
cholangiography studies, three CT-cholangiographic reports and one
ERCP study, as summarized in Table 4. Taking all of the studies into
account, the total number of patients was 14,322. Type 1 presentation
ranged from 40% to 80%. The largest study was published by Puente et al
(5) in 1983 with a sample size of 3,845 patients using cholangiography,
the smallest was by Ayuso et al (12) in 2004 on only 25 patients with
MRCP.

Intrahepatic bile ducts | No of patients | Percentage (%s)
Normal 293 55%
RPD on LHD 106 20%
Triple confluence 54 10.1%
Aberrant RPD 36 6.7%
Others 45 8.4%
Type IV 14 2.6%
Type Va 12 2.2%
Type Vb 11 2.0%
Type VI 8 1.5%

Table 2. Anatomical variants of intrahepatic biliary system at MRCP
(RPD: right posterior duct; LHD: left hepatic duct)

Cystic duct implantation | No. of patients | Percentage (%)

Normal 302 57%
Cranial [ 79 14.8%
Caudal 89 16.7%

Unclassified 64 12%

Side-wall insertion

Posterior 235 44%
Medial 67 12.5%
Lateral 206 38.5%
Anterior 11 2%

On aberrant RPD 15 2.8%
Cystic duct course [
Parallel 196 36.7%
Convolure ' 141 26.4%
Unelassified [ 197 36.9%

Table 3. Anatomic variations of the cystic duct at MRCP.
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Study Year Country Noof Imaging technique Intrahepatic biliary anatomy
patlenis
Type 1. Type 2. Type 3 (a/b).
1953 Chile 3845 3
1995 Tapan T.094 Cholangiography
| 1997 Taiwan 210 Cholangiography
I 2002 Tapan 120 Cholangiography
I 2003 Taiwan 170 Cholangiography
i8) 8)
Choietal (9] | 2003 Koaren 300 phy
Ohkubo etal | 2004 Tapan 10 | Che graphy
o)
Leeeral (11 | 2004 usa 108 MRCP
| 2004 Spain 5 MRCP 1
10% 5 32%
2005 Usa 62 CT-Cholangiography 35 7 19 (a=11/b=8)
56% 11%  30.6% (a=18%b=13%)
2005 USA 56 MRCP 33 5
Mz der | 2005 USA £ Chalangiography
K 2006 Tapan 138 CT-Cholangiography
Vidal etal (17} | 2007 France 45 MRCP
Cha etal (15) | 2007 Tapan 60 CT-Cholangiography
Sirvanci eral | 2007 Turkey 6l Cholangiography
9% o)
Song eral (20) | 2007 Korea 11 MRCP
Karak | 2008 Turkey nz | MRCP
| 2008 Koren ECI MRCP
| 2008 Tndia 253 Cholangiography
2008 Ttaly 350 MRCP 202 7 35 (a=23/b=12)
| 2008 USA 6| MRCP
1| 2011 Traly 700 Chalangiography
Uysal eral (27) | 2014 Tukey 11l MRCP
Chaib eral (28] | 2014 Brazil 2,032 MRCP
Gupta et al (29 | 2016 Tndia 158 | MRCP
Neyman etal | 2016 Tukey 7143 MRCP
300
Sarawagi et al | 2016 Paland 224 MRCP
2017 It 362 ERCP
2019 Italy 534 MRCP

Table 4. Review of studies reporting intrahepatic biliary anatomic
variants according to Yoshida classification. ( MRCP : Magnetic

Resonance Cholangio-Pancreatography ; CT Computed
Tomography ; ERCP Endoscopic Retrograde Cholangio-
Pancreatography.)

4. Discussion

An accurate knowledge of intra- and extrahepatic biliary anatomy is of
crucial importance in liver and biliary surgeries. Peri-operative
complications related to biliary system damage represent one of the most
common reasons for morbidity and mortality in these complex
interventions (33-39).

The understanding of the biliary anatomy begins with the appreciation of
its embryologic development (40). The normal development of
intrahepatic bile ducts requires balanced epithelial-mesenchymal
interactions, which proceed from the hepatic hilum toward its periphery
along the branches of the developing portal vein. There are many theories
about the development of the intrahepatic bile ducts. The first theory holds
that the intrahepatic biliary tree would derive from a progressive ingrowth
of the epithelium of the extrahepatic biliary ducts. Another theory
postulates that the entire intrahepatic bile draining system develops from
hepatoblastic cells under the stimulation of growth factors and cytokines.
This theory is widely accepted. Lack of remodeling of the so-called ductal
plate appears to be associated often with abnormalities in the branching
pattern of intrahepatic biliary system and of the portal vein (39-40).

Indeed, after the birth, the branching patterns of intrahepatic biliary ducts
are not completely defined and this may explain the variations of anatomy
of the intrahepatic biliary tree, such as the anomalous drainage of sectorial
ducts or the presence of aberrant or accessory bile ducts. Various
diagnostic methods can be used to evaluate the biliary anatomy in the
preoperative period (conventional T2-weighted MRCP, contrast-enhanced
T1-weighted MRCP, and multidetector row CT-cholangiography) or
during  surgery  (intraoperative  cholangiography,  fluorescent
cholangiography, laparoscopic ultrasound) (41-45).

Currently, MRCP is considered the method of choice for the study of the
biliary system, effectively taking the place of cholangiography for
diagnostic purposes (2-4). However, thanks to several improvements in
spatial and temporal resolution over recent years, MRCP has allowed for
the investigation of the morphology of the biliary system in a non-
invasive modality — avoiding exposure to ionizing radiations (2-4). This
study shows that the intra-hepatic biliary system and its variations may be
evaluated safely and non-invasively by MRCP. Familiarity with
segmental hepatic biliary anatomy presents an important clinical
application: it is essential for both staging and localization of intrahepatic
liver or biliary tumors (33). In Klatskin’s tumors, for example, the
therapeutic approach and outcomes are directly correlated with the biliary
extension of the disease and MRCP examination allows a non-invasive
determination of the staging of the disease. Moreover, the non-invasive
evaluation of the intrahepatic biliary tree plays an important role before
percutaneous or endoscopic approaches. It is very important to recognize
the presence of variations in biliary anatomy in order to avoid
inappropriate or incomplete drainage of the obstructed bile ducts.
Furthermore, the careful evaluation of the biliary anatomy is essential
before hepatic resections. For example, when performing a left
hepatectomy for a pediatric living transplant donor, it is crucial to
recognize eventual aberrant drainage of the right sectorial duct (anterior or
posterior) into the left hepatic duct, because ligation of these ducts will
produce biliary cirrhosis of the relative liver segments.

In the current study, we found that the most frequent morphological
presentation of bile ducts was the pattern classified as "Type 1”; according
to the literature data this pattern ranges from 40% to 80% (5-32). The
second most common presentation was Type 3a in 20% of cases. An
important piece of data in the current study regards the aberrant RPD
(observed in 6.7% of cases): it has been found that almost half of these
patients (2.8%) showed the cystic duct draining into the aberrant RPD.
The percentage reported in our analysis is higher than the value referred
by Nayman et al (30), which classified this biliary variant as "Type 18".
This variant was in fact reported in only one patient (0.05%). It is
essential to distinguish and recognize all biliary variants, even the rarest,
to plan hepatobiliary surgery accurately.

An accurate knowledge of the cystic duct-common hepatic duct junction
anatomy is another important issue during laparoscopic cholecystectomy,
which is actually the standard approach to treat cholelithiasis and
gallbladder diseases (46-49). Bile duct injury (BDI) represents the most
serious complication of laparoscopic cholecystectomy, with an incidence
of 0.3-0.7% resulting in a significant impact on quality of life, overall
survival and frequent medico-legal sequelae. Indeed, it has been
demonstrated that the primary cause of BDI is the misinterpretation of
biliary anatomy in 71% to 97% of all cases (48-49).
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Biliary injury often occurs when a Type I1lb anatomic variant is present,
in which the aberrant RPD may be misidentified as the cystic duct.
Nowadays, the routine use of MRCP pre-operatively in order to better
delineate the biliary anatomy is still an important matter of debate. In
2010, Bahram M et al (50) evaluated the influence of pre-operative MRCP
on the management of patients with cholelithiasis before laparoscopic
cholecystectomy. They found biliary abnormalities in 3 patients
investigated pre-operatively with MRCP, this knowledge is considered
very important in guiding surgeons in biliary surgery, in order to avoid
iatrogenicbile duct injuries (50). Contrarily, Schmidt R et al (51) found
only 10 abnormalities of biliary anatomy among 541 cases investigated
with MRCP before cholecystectomy, registering limited sensitivity values
(ranging from 38.5% to 50%). Therefore, MRCP is not routinely
recommended to better delineate biliary anatomy prior to
laparoscopiccholecystectomy. Single-institution data and retrospective
analysis were the main limitations of this study.

5. Conclusions

MRCP is an effective, reliable, and non-invasive imaging method for
evaluating the intra-hepatic biliary system and its anatomic variations. The
correct knowledge of biliary tree anatomy before surgery is essential in
accurate surgical planning of complex hepatobiliary operations, thereby
reducing morbidity and mortality.

References

1. Yoshida J, Chijiiwa K, Yamaguchi K, Yokohata K, Tanaka M.
Practical classification of the branching types of the biliary tree: an
analysis of 1,094 consecutive direct cholangiograms. J Am Coll Surg.
1996;182 (1):37-40.

2. Sirinek KR, Schwesinger WH. Has intraoperative cholangiography
during laparoscopic cholecystectomy become obsolete in the era of
preoperative endoscopic retrograde and magnetic resonance
cholangiopancreatography? J Am Coll Surg. 2015; 220 (4):522-8.

3. Lindsell
cholangiopancreatography (MRCP) and ultrasound compared with

DR. The diagnostic accuracy of magnetic resonance

direct cholangiography in the detection of choledocholithiasis. Clin
Radiol. 2000; 55 (7):579.

4. Palmucci S, Mauro LA, La Scola S, Incarbone G, Bonanno G, Milone
P, Russo A, Ettorre GC. Magnetic resonance
cholangiopancreatography and contrast-enhanced magnetic resonance
cholangiopancreatography versus endoscopic ultrasonography in the
diagnosis of extrahepatic biliary pathology. Radiol Med. 2010
Aug;115(5):732-46.

5. Puente SG, Bannura GC. Radiological anatomy of the biliary tract:
variations and congenital abnormalities. World J Surg. 1983;7
(2):271-6.

6. Cheng YF, Huang TL, Chen CL, Chen YS, Lee TY. Variations of the
intrahepatic  bile application in living related liver
transplantation and splitting liver transplantation. Clin Transplant.
1997;11 (4):337-40.

ducts:

10.

11.

13.

14.

15.

16.

17.

18.

Nakamura T, Tanaka K, Kiuchi T, Kasahara M, Oike F, 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
(12):1896-903.

Kitagawa Y, Nimura Y, Hayakawa N, Kamiya J, Nagino M, Uesaka
K, Oda K, Ohta A, Jan YY, Cheng LP, Hwang TL, Chen MF.
Intrahepatic segmental bile duct patterns in hepatolithiasis: a
comparative cholangiographic study between Taiwan and Japan. J
Hepatobiliary Pancreat Surg. 2003;10 (5):377-81.

Choi JW1, Kim TK, Kim KW, Kim AY, Kim PN, Ha HK, Lee MG.
Anatomic variation in intrahepatic bile ducts: an analysis of
intraoperative cholangiograms in 300 consecutive donors for living
donor liver transplantation. Korean J Radiol. 2003; 4 (2): 85-90.
Ohkubo M, Nagino M, Kamiya J, Yuasa N, Oda K, Arai T, Nishio H,
Nimura Y. Surgical anatomy of the bile ducts at the hepatic hilum as
applied to living donor liver transplantation. Ann Surg. 2004;239
(1):82-6.

Lee VS, Morgan GR, Lin JC, Nazzaro CA, Chang JS, Teperman LW,
Krinsky GA. Liver transplant donor candidates: associations between
vascular and biliary anatomic variants. Liver Transpl. 2004;10
(8):1049-54,

. Ayuso JR, Ayuso C, Bombuy E, De Juan C, Llovet JM, De Caralt

TM, Séanchez M, Pagés M, Bruix J, Garcia-Valdecasas JC.
Preoperative evaluation of biliary anatomy in adult live liver donors
with  volumetric mangafodipir trisodium enhanced magnetic
resonance cholangiography. Liver Transpl. 2004;10 (11):1391-7.
Wang ZJ, Yeh BM, Roberts JP, Breiman RS, Qayyum A, Coakley
FV. Living donor candidates for right hepatic lobe transplantation:
evaluation at CT cholangiography—initial experience. Radiology.
2005;235 (3):899-904.

Chen JS, Yeh BM, Wang ZJ, Roberts JP, Breiman RS, Qayyum A,
Coakley FV. Concordance of second-order portal venous and biliary
tract anatomies on MDCT angiography and MDCT cholangiography.
AJR Am J Roentgenol. 2005;184 (1):70-4.

Macdonald DB, Haider MA, Khalili K, Kim TK, O’Malley M, Greig
PD, Grant DR, Lockwood G, Cattral MS. Relationship between
vascular and biliary anatomy in living liver donors. AJR Am J
Roentgenol. 2005;185 (1):247-52.

Kitami M, Takase K, Murakami G, Ko S, Tsuboi M, Saito H, Higano
S, Nakajima Y, Takahashi S. Types and frequencies of biliary tract
variations associated with a major portal venous anomaly: analysis
with multi-detector row CT cholangiography. Radiology. 2006;238
(1):156-66.

Vidal V, Hardwigsen J, Jacquier A, Le Corroller T, Gaubert JY,
Moulin G, Bartoli JM, Petit P, Champsaur P. Anatomic variants of
the biliary tree with MR cholangiography: feasibility and surgical
applications. J Chir (Paris) 2007; 144 (6):505-7.

Cho A, Asano T, Yamamoto H, Nagata M, Takiguchi N, Kainuma O,
Soda H, Mori M, Narumoto S, Okazumi S, Makino H, Ochiai T, Ryu
M. Relationship between right portal and biliary systems based on
reclassification of the liver. Am J Surg. 2007;193 (1):1-4.



EUROMEDITERRANEAN BIOMEDICAL JOURNAL 2020, 15 (36) 142-151

150

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Sirvanci M, Duran C, Ozturk E, Balci D, Dayanga¢ M, Onat L, Y{izer
Y, Tokat Y, Killi R. The value of magnetic resonance
cholangiography in the preoperative assessment of living liver
donors. Clin Imaging. 2007;31 (6):401-5.

Song GW, Lee SG, Hwang S, Sung GB, Park KM, Kim KH, Ahn CS,
Moon DB, Ha TY, Kim BS, Moon KM, Jung DH. Preoperative
evaluation of biliary anatomy of donor in living donor liver
transplantation by conventional nonenhanced magnetic resonance
cholangiography. Transpl Int. 2007; 20 (2):167-73.

Karakas HM, Celik T, Alicioglu B. Bile duct anatomy of the
Anatolian Caucasian population: Huang classification revisited. Surg
Radiol Anat. 2008;30 (7):539-45.

Kim SY, Byun JH, Hong HS, Choi EK, Lee SS, Park SH, Lee MG.
Biliary tract depiction in living potential liver donors at 3.0-T
magnetic resonance cholangiography. Invest Radiol. 2008;43 (8):594-
602.

Sharma V, Saraswat VA, Baijal SS, Choudhuri G. Anatomic
variations in intrahepatic bile ducts in a north Indian population. J
Gastroenterol Hepatol. 2008;23 (7 Pt 2):e58-62.

De Filippo M, Calabrese M, Quinto S, Rastelli A, Bertellini A,
Martora R, Sverzellati N, Corradi D, Vitale M, Crialesi G, Sarli L,
Roncoroni L, Garlaschi G, Zompatori M. Congenital anomalies and
variations of the bile and pancreatic ducts: magnetic resonance
cholangiopancreatography findings, epidemiology and clinical
significance. Radiol Med. 2008;113 (6):841-59.

Kashyap R, Bozorgzadeh A, Abt P, Tsoulfas G, Maloo M, Sharma R,
Patel S, Dombroski D, Mantry P, Safadjou S, Jain A, Orloff M.
Stratifying risk of biliary complications in adult living donor liver
transplantation by  magnetic  resonance  cholangiography.
Transplantation. 2008;85 (11):1569-72.

Cucchetti A, Peri E, Cescon M, Zanello M, Ercolani G, Zanfi C,
Bertuzzo V, Di Gioia P, Pinna AD. Anatomic Variations of
Intrahepatic Bile Ducts in a European Series and Meta- analysis of
the Literature. J Gastrointest Surg. 2011;15 (4):623-30.

Uysal F, Obuz F, Ugar A, Secil M, Igci E, Dicle O. Anatomic
variations of the intrahepatic bile ducts: analysis of magnetic
resonance cholangiopancreatography in 1011 consecutive patients.
Digestion. 2014;89 (3):194-200.

Chaib E, Kanas AF, Galvdo FH, D'Albuquerque LA. Bile duct
confluence: anatomic variations and its classification. Surg Radiol
Anat. 2014 Mar;36 (2):105-9.

Gupta A, Rai P, Singh V, Gupta RK, Saraswat VA. Intrahepatic
biliary duct branching patterns, cystic duct anomalies, and pancreas
divisum in a tertiary referral center: A magnetic resonance
cholangiopancreaticographic study. Indian J Gastroenterol. 2016
Sep;35 (5):379-384.

Nayman A, Ozbek O, Erol S, Karakus H, Kaya HE. Magnetic
Resonance cholangiopancreatography evaluation of intrahepatic bile
duct variations with updated classification. Diagn Interv Radiol.
2016;22 (6): 489-494.

Sarawagi R, Sundar S, Raghuvanshi S, Gupta SK, Jayaraman G.
Common and Uncommon Anatomical Variants of Intrahepatic Bile
Ducts in Magnetic Resonance Cholangiopancreatography and its
Clinical Implication. Pol J Radiol. 2016; 81:250- 5.

32.

33.

34.

35.

36.

37.

38.

39.

Taghavi SA, Niknam R, Alavi SE, Ejtehadi F, Sivandzadeh GR,
Eshraghian A. Anatomical Variations of the Biliary Tree Found with
Endoscopic Retrograde Cholagiopancreatography in a Referral Center
in Southern Iran. Middle East J Dig Dis. 2017 Oct;9 (4):201-205.
Mortelé KJ, Ros PR. Anatomic variants of the biliary tree: MR
cholangiographic findings and clinical applications. AJR Am J
Roentgenol. 2001; 177 (2): 389-94.

Hirao K, Miyazaki A, Fujimoto T, Isomotol, Hayashi K. Evaluation
of aberrant bile ducts before laparoscopic cholecystectomy: helical
CT cholangiography versus MR cholangiography. Am J Roentgenol.
20005175 (3):713-20.

Catalano OA, Singh AH, Uppot RN, Hahn PF, Ferrone CR, Sahani
DV. Vascular and Biliary Variants in the Liver: Implications for
Liver Surgery. Radiographics. 2008;28 (2): 359-78.
Mariolis-Sapsakos T, Kalles V, Papatheodorou K, Goutas N,
Papapanagiotou |, Kaklamanos |, Arvanitis DL,
Konstantinou E, Sgantzos MN. Anatomic variations of the right

Flessas I,

hepatic duct: results and surgical implications from a cadaveric study.
Anat Res Int. 2012; 2012:838179.

Varotti G, Gondolesi GE, Goldman J, Wayne M, Florman SS,
Schwartz ME, Miller CM, Sukru E. Anatomic variations in right liver
living donors. J Am Coll Surg. 2004;198 (4):577— 82.

Trovato MA, Pesce A, Sofia M, Montineri A, Basile A, Palermo F,
Fatuzzo F, Nigro L, Puleo S. Is BCLC algorithm useful in clinical
practice? Study on 164 HCC patients. Hepatogastroenterology.
2013;60 (127):1742-1745.

Roskams T, Desmet V. Embryology of extra- and intrahepatic bile
ducts, the ductal plate.

Anat Rec (Hoboken). 2008 Jun;291 (6):628-35.

40.

41.

42,

43.

44,

45.

46.

Keplinger KM, Bloomston M. Anatomy and embryology of the
biliary tract. Surg Clin North Am. 2014 Apr;94 (2):203-17.

Pesce A, Latteri S, Barchitta M, Portale TR, Di Stefano B, Agodi A,
Russello D, Puleo S, La Greca G. Near-infrared fluorescent
cholangiography - real-time visualization of the biliary tree during
elective laparoscopic cholecystectomy. HPB (Oxford). 2018 Jun;20
(6):538-545.

Agnus V, Pesce A, Boni L, Van Den Bos J, et al. Fluorescence-based
cholangiography: preliminary results from the IHU-IRCAD-EAES
EURO-FIGS registry.

Surg Endosc. 2020 Sep;34 (9):3888-3896.

Dili A, Bertrand C. Laparoscopic ultrasonography as an alternative to
intraoperative cholangiography during laparoscopic cholecystectomy.
World J Gastroenterol. 2017 Aug 7;23(29):5438-5450.

Pesce A, La Greca G, Esposto Ultimo L, Basile A, Puleo S, Palmucci
S. Effectiveness of near- infrared fluorescent cholangiography in the
identification of cystic duct-common hepatic duct anatomy in
comparison to magnetic resonance cholangio-pancreatography. A
preliminary study. Surg Endosc. 2020 Jun;34 (6):2715-2721.

Turner MA, Fulcher AS. The cystic duct : normal anatomy and
disease processes. Radiographics. 2001;21(1):3-22.

Minutoli F, Naso S, Visalli C, lannelli D, Silipigni S, Pitrone A,
Bottari A. A new variant of cholecystohepatic duct: MR
cholangiography demonstration. Surg Radiol Anat. 2015; 37 (5):539—
41.



EUROMEDITERRANEAN BIOMEDICAL JOURNAL 2020, 15 (36) 142-151

151

47.

48.

49.

Pesce A, Portale TR, Minutolo V, Scilletta R, Li Destri G, Puleo S.
Bile duct injury during laparoscopic cholecystectomy without
intraoperative cholangiography: a retrospective study on 1,100
selected patients. Dig Surg. 2012; 29 (4):310-4.

Pesce A, Diana M. Critical View of Safety During Laparoscopic
Cholecystectomy: From the Surgeon's Eye to Fluorescent Vision.
Surg Innov. 2018;25 (3):197-198.

Pesce A, Palmucci S, La Greca G, Puleo S. latrogenic bile duct
injury: impact and management challenges. Clin Exp Gastroenterol.
2019; 12:121-128.

50.

51.

Bahram M, Gaballa G. The value of pre-operative magnetic
resonance cholangiopancreatography (MRCP) in management of
patients with gall stones. Int J Surg. 2010;8 (5): 342-5.

Schmidt R, Tannheimer M, Danz B, Benesch S, Geue R. Clinical
relevance of a routinely performed magnetic resonance
cholangiopancreatography (MRCP) prior to cholecystectomy. Zentra
Ibl Chir. 2012 Dec;137 (6):541-8.



