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ABSTRACT
Understanding the internal and external liver anatomy is crucial for planning procedures such as liver transplantation, resection, 
laparoscopic surgeries, complex biliary reconstruction and radiological interventions in the biliary tree. This pictorial review aims to 
provide a comprehensive visual portrayal of both common and uncommon patterns of biliary tree anatomy in Magnetic Resonance 
Cholangiopancreatography (MRCP), along with a review of the literature describing the prevalence. The most typical pattern of 
Right Hepatic Duct (RHD) branching was found in approximately 50-70% of cases, whereas the most common variant involved the 
Right Posterior Sectoral Duct (RPSD) opening into the Left Hepatic Duct (LHD), followed by a trifurcation pattern. On the left side, in 
approximately three quarters of cases, the common trunk of the segment II and III ducts joined the segment IV duct, representing the 
most frequent LHD branching pattern. Cystic duct variations were observed, with the right lateral insertion being the most common 
in this review. Many complex cases of aberrant and accessory bile ducts were also noted. MRCP serves as a non invasive imaging 
method to visualise biliary duct morphology, reducing the risk of iatrogenic injuries during hepatobiliary procedures and surgery.

INTRODUCTION
The MRCP has emerged as a highly promising non invasive technique 
over the past two decades. It plays a crucial role in ensuring the 
success of various hepatobiliary radiologic interventions and 
surgical procedures while minimising postoperative complications. 
A precise understanding of intrahepatic bile duct and pancreatic 
duct anatomy and variations is essential in this context [1]. MRCP 
utilises heavily T2-weighted sequences, including modified FS 
sequences like RARE, HASTE, and FRFSE, using both breath-hold 
(employing a single-shot approach) and non breath-hold techniques 
(with respiratory triggering) [2]. Images can be acquired in 2D or 3D, 
allowing postprocessing manipulation with Multiplanar Reformation 
(MPR), Maximum Intensity Projection (MIP) and Volume Rendering 
(VR). Functional assessment of biliary excretion is now possible with 
hepatobiliary contrast agents like gadobenate dimeglumine and 
gadoxetic acid [3].

Hepatobiliary surgeries, such as liver transplants, tumour resections, 
and laparoscopic biliary surgeries, face challenges due to anatomical 
variations [4]. Normal biliary anatomy involves intrahepatic bile ducts 
paralleling the portal venous system, with the RHD comprising 
anterior sectoral (segments 5 and 8) and posterior sectoral ducts 
(segments 6 and 7), while the LHD formed by segmental tributaries. 
This typical anatomy is observed in about 57% of the population. 
These ducts unite to form the Common Hepatic Duct (CHD) [Table/
Fig-1] [1].

The purpose of this review was to provide an overview describing 
the MRCP protocol [Table/Fig-2], while exploring variations in 
intrahepatic duct branching patterns through a pictorial approach.

Huang TL et al., classified the right intrahepatic ducts into five types 
[Table/Fig-3] [5]. Karakas HM et al., further included the distance of 
RPSD insertion from the confluence of the Right Anterior Sectoral 
Duct (RASD) and LHD [6]. The LHD confluence was classified into 
three types according to Cho A et al., [Table/Fig-4] [7]. Cystic duct 
variations are classified according to the direction and site of the 
cystic duct joining the CHD [Table/Fig-5] [5,7].

[Table/Fig-1]: Coronal 3D MRCP image showing the normal biliary anatomy. Right 
anterior and right posterior ducts fuse to form the Right Hepatic Duct (RHD). Primary 
confluence is formed by the fusion of the RHD and LHDs.
RASD: Right anterior sectoral duct; RPSD: Right posterior sectoral duct; RHD: Right hepatic duct; 
LHD: Left hepatic duct; CHD: Common hepatic duct; CBD: Common bile duct
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fat-saturated thick 

slab

TR/TE (ms) 2000/92 2400/702 4,500/735

Number of 
averages

1 1.5 1

Flip angle 156 105 169

Field of view (mm) 380×309 430×430 269×384

Matrix size 384×384 352×352 384×384
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[Table/Fig-3]: Illustration representing the classification of the Right Hepatic Duct 
(RHD) according to Huang TL et al., [5]. 

[Table/Fig-4]: Pictorial diagram showing the variations in the left biliary ductal 
system according to Cho A et al., [7].

[Table/Fig-5]: Illustration representing the variations of cystic duct insertion.

The typical right hepatic biliary anatomy is encountered in approximately 
53-63% of the population [8,9]. Several uncommon variations have 
been documented; hence, it is crucial to understand the patterns of 
intrahepatic duct branching and their variants before undertaking 
procedures such as right or left liver harvesting for living donor liver 
transplantation, segmental or lobar resection, or biliary interventions. 
These variations can make surgery more technically challenging and 
increase the risk of postoperative complications [10].

Similarly, in the widely accepted technique of laparoscopic 
cholecystectomy, there is a potential for undesirable complications, 
such as injuries to the Common Bile Duct (CBD) or hepatic bile 
ducts. These complications can arise when ducts other than the 
cystic duct are mistakenly clipped or transected, which can be 
burdensome for patients [10].

Authors have also analysed previous principal studies and summarised 
the results in [Table/Fig-6,7] [5,6,8-14]. The most common biliary duct 
branching variation was type III RHD variation [Table/Fig-6,8] [6-12]. 
In the remaining studies, as mentioned in [Table/Fig-7], type II RHD 
variation (trifurcation) was more common than type III [Table/Fig-9] 
[5,13,14]. Trifurcation was observed in approximately 10.3% of 
patients. These variations have no surgical significance except in left 
hepatectomy, where ligation of the RPSD may cause biliary cirrhosis 
of the posterior segments, specifically segment VI and segment VII.

Karakas HM et al., conducted a study on the distance of RPSD 
insertion in the RHD or LHD from the confluence [6]. It is also 
important to consistently report the lengths of the RHD and LHD, as 
well as the distances of the secondary biliary confluences of RASD 
and RPSD, or the RPSD opening in the LHD or CHD [Table/Fig-10]. 
This preoperative knowledge plays a crucial role in enabling surgeons 
to adjust their procedures and assist in biliary anastomosis. It often 
requires a more intricate microsurgical technique in these cases.

Aberrant or accessory posterior sectoral or segmental ducts from 
the right lobe to the CHD are occasionally described [Table/Fig-11-
13]. During laparoscopic cholecystectomy, accidental dissection 
or ligation of these ducts can lead to complications such as bile 
leakage and segmental atrophy.

Regarding LHD variations, the most common LHD confluence was 
of type I, where the common channel of segments II and III joins 
with the segment IV duct to form the LHD, accounting for almost 
70-80%. These findings align with previous studies [Table/Fig-6,7]. 
Comprehensive anatomical knowledge of these ducts is crucial 
before performing segmentectomy for hilar malignancy or left lobar 
wasting in living donor liver transplants [15].

Rarer LHD variations with complex patterns were also encountered, 
as shown in [Table/Fig-14,15]. The medial insertion of the cystic 
duct was found to be the most common anatomy in present review. 
Many other rarer variations that hold special clinical importance 
in laparoscopic cholecystectomy are also enumerated, including 

Slice thickness 
(mm)

5 1.45 40

Slice gap (mm) 1 0 N/A

Number of slices 42 80 1

Acquisition plane Axial Coronal oblique Coronal/radial

Half-Fourier factor 5/8
Phase-encoding: 

off
Phase encoding: 

7/8

Slice-encoding: 
6/8

Parallel imaging 
acceleration factor

2 3 2

Receiver bandwidth 
(Hz/pixel)

68 355 352

[Table/Fig-2]: Summary of MRCP imaging parameters. 
HASTE half: Fourier acquisition single shot turbo spin echo; FSE: Fast spin echo

previous studies 
(authors, References, 
years, total number of 
cases, Races)

Choi Jw et al., [8], 2003 
(300 cases of  intraoperative 

cholangiogram)

ohkubo M et al., [9], 
2004 (165 cases of 

 intraoperative findings)

Sharma V et al., 
[10], 2008, (253 
cases of eRCp)

Song Gw et al., [11] 
2007 (111 cases of 

MRCp)

karakas hM 
et al., [6], 2008 

(112  cases of MRi)

Sarawagi et 
al., [12], 2016, 

(224 cases)

koreans Japanese indian korean turkish indian

Right hepatic 
biliary anatomy 
(Huang 
classification) [5]

Type-I 63 65 52.9 60.4 55 55.3

Type-II 10 5 11.5 8.1 16 9.3

Type-III 11 12 18.2 19.8 21 27.6

Type-IV 6 5 7.1 7.2 10 4

Type-V 2 - 0 1.8 - 0.8

Left hepatic 
biliary 
anatomy (Cho 
classification) [7]

Type-1 - 78 - - - 67.8

Type-2 - 16 - - - 23.2

Type-3 - 4 - - - 3.4

[Table/Fig-6]: The incidence of biliary channels variations as described in previous literature [6,8-12].
Values are presented as percentage. MRCP: Magnetic resonance cholangiopancreatography; MRI: Magnetic resonance imaging; ERCP: Endoscopic retrograde cholangiopancreatography
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[Table/Fig-8]: a) Coronal 3D MRCP images showing RPSD opening in LHD (type A3) 
with lower CBD stricture causing mild upstream biliary dilatation; b) Coronal 3D post 
processed images showing Right Posterior Sectoral Duct (RPSD) opening into Left 
Hepatic Duct (LHD) about 2 mm proximal to the confluence of RASD and LHD.

[Table/Fig-9]: A 3D Post processed coronal image showing the common confluence 
of Right Posterior Sectoral Duct (RPSD), Right Anterior Sectoral Duct (RASD) and Left 
Hepatic Duct (LHD), suggestive of the trifurcation pattern. Choledocholithiasis seen at 
distal end of CBD causing upstream biliary dilatation.

cystic duct openings with medial low insertion, at the ampulla, high 
insertion, or opening in the RHD [Table/Fig-16-19]. Authors also 
illustrate complex biliary anatomy comprising both RHD and LHD 
variations [Table/Fig-20].

Hepatocyte-specific gadolinium-enhanced MRCP has been shown 
to provide more accurate delineation of bile duct anatomy. However, 
its limited availability, cost, longer acquisition time and potential risk 
of contrast-induced adverse reactions are notable drawbacks [12]. 

previous studies  
(authors, References, 
years, total number of 
cases, Races)

huang tL 
et al., [5] 

1996

Sureka B 
et al., [13] 

2016

Swain et al., [14] 2020, 
1, 038 cases of MRCp 

indian population

Chinese indian asian Race

Right biliary duct 
anatomy

Type-I 63 64 72.7

Type-II 19 5 11.3

Type-III 11
17 (Type III, 

IV and V)
9.7

Type-IV 6 - 5.6

Type-V 2 - 0.4

Left biliary duct 
anatomy

Type-1 - 69 90.4

Type-2 - 20 1.9

Type-3 - 6 7.7

[Table/Fig-7]: The incidence of biliary channels variations as described in previous 
literature [5,13,14].

[Table/Fig-10]: Coronal 3D image showing RPSD (blue arrow) opening in CHD about 
2.2 mm below the primary confluence formed by RASD (thick blue arrow) and LHD.

[Table/Fig-11]: A 3D post processed coronal images. This is a case of distal CBD 
inflammatory stricture with mildly prominent CBD and IHBR. An accessory duct 
(red arrow) arising from segment VII is seen opening in CHD at a distance of 12 mm 
from primary biliary confluence.

[Table/Fig-12]: A 3D post processed coronal images showing aberrant duct of 
segment VII (red arrow) opening into Left Hepatic Duct (LHD) just before the primary 
biliary confluence.
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CONCLUSION(S)
This review principally highlights the diverse anatomical variations 
in biliary passages through a comprehensive pictorial review, 
emphasising the importance of MRCP as a non invasive tool for 
evaluating biliary disease, providing preoperative imaging in complex 
hepatic surgeries, assessing liver donors and conducting biliary 
interventions. Awareness of these variations is essential to prevent 
iatrogenic injuries and reduce postoperative morbidity and mortality.

REFERENCES 
 Palmucci S, Mauro LA, Coppolino M, Musumeci AG, Foti PV, Milone P, et al. [1]

Evaluation of the biliary and pancreatic system with 2D SSFSE, breath hold 
3D FRFSE and respiratory-triggered 3D FRFSE sequences. Radial Med. 
2010;115(3):467-82. English, Italian. Doi: 10.1007/s11547-010-0508-1. Epub 
2010 Jan 15. PMID: 20077045.

 Dimitriou I, Katsourakis A, Nikolaidou E, Noussios G. The main anatomical [2]
variations of the pancreatic duct system: Review of the literature and its 
importance in surgical practice. J Clin Med Res. 2018;10:370-75.

 Griffin N, Charles-Edwards G, Grant LA. Magnetic resonance [3]
cholangiopancreatography: The ABC of MRCP. Insights Imaging. 2012;3(1):11-
21. Doi: 10.1007/s13244-011-0129-9. Epub 2011 Sep 28. PMID: 22695995; 
PMCID: PMC3292642.

[Table/Fig-14]: a,b) A 3D post processed coronal images of the same patient with slight 
rotation showing Left Hepatic Duct (LHD) variations. In a case of choledocholithiasis, 
dilated intrahepatic biliary radicles are seen.
There is suspicious opening of the segment III duct (red arrow in both 14a and 14b) in 
RHD with primary biliary confluence formed by RHD and union of segment II/IV duct.

[Table/Fig-15]: A 3D post processed coronal images showing Left Hepatic Duct (LHD) 
variation. Segment III and IV forming a common duct with segment II draining in the 
common duct and forming LHD. [Table/Fig-16]: A 3D post-processed coronal images 
showing low confluence of CHD and cystic duct with cystic duct opening along the 
medial aspect of lower 1/3rd of common duct (red arrow). There is also a trifurcation 
pattern seen. (Images from left to right)

[Table/Fig-17]: A 3D post processed coronal images showing opening of cystic 
duct (thin blue arrow) at ampulla of vator (thick blue arrow).

[Table/Fig-18]: A 3D post processed coronal images and axial T2Wt images of the 
same patient posted for liver transplant showing high insertion of cystic duct in both 
the images (red and black arrows) in proximal CHD/at primary biliary confluence.

[Table/Fig-19]: A 3D post processed coronal: (a) Images showing choledocholithiasis 
(blue arrow) and (b) Axial T2 Wt images showing cystic duct insertion (red arrow) in 
Right Hepatic Duct (RHD) (thick blue arrow) just at the confluence (green arrow) in the 
same patient.

[Table/Fig-20]: A 3D post processed coronal images showing a complex biliary 
anatomical variant. Bile duct formed by fusion of segment II and III is opening into 
the Right Posterior Sectoral Duct (RPSD). Bile duct formed by the lateral segments 
duct and RPSD is confluencing with Right Anterior Sectoral Duct (RASD) to form the 
primary biliary confluence. Segment IV bile duct is opening into the proximal end of 
the CHD just below the primary biliary confluence.

[Table/Fig-13]: A 3D post processed coronal images. This is a case of pancreatic head 
mass causing upstream biliary dilatation. There is an accessory duct arising from 
 segment VI (red arrow) opening into the CHD about 6 mm below the primary confluence.



www.jcdr.net Sanyukta Gupta et al., Identifying Intrahepatic Bile Duct Variations in MRCP

Journal of Clinical and Diagnostic Research. 2025 Feb, Vol-19(2): TE01-TE05 55

paRtiCuLaRS oF ContRiButoRS:
1. Assistant Professor, Department of Radiodiagnosis, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
2. Associate Professor, Department of Radiodiagnosis, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
3. Assistant Professor, Department of Radiodiagnosis, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
4. Professor, Department of Radiodiagnosis, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
5. Associate Professor, Department of Radiodiagnosis, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.
6. Resident, Department of Radiodiagnosis, Mahatma Gandhi Medical College and Hospital, Jaipur, Rajasthan, India.

pLaGiaRiSM CheCkinG MethodS: [Jain H et al.]

•  Plagiarism X-checker: Mar 16, 2024
•  Manual Googling: Apr 29, 2024
•  iThenticate Software: Nov 02, 2024 (19%)

naMe, addReSS, e-MaiL id oF the CoRReSpondinG authoR:
Dr. Vineet Mishra,
House No-430, Sector 7, Malviya Nagar, Jaipur, Rajasthan, India.
E-mail: vineetmri@gmail.com

Date of Submission: Mar 13, 2024
Date of Peer Review: apr 29, 2024
Date of Acceptance: nov 05, 2024

Date of Publishing: Feb 01, 2025

authoR deCLaRation:
•  Financial or Other Competing Interests:  None
•  Was informed consent obtained from the subjects involved in the study?  Yes
•  For any images presented appropriate consent has been obtained from the subjects.  Yes

etyMoLoGy: Author Origin

eMendationS: 7

 Mortelé KJ, Ros PR. Anatomic variants of the biliary tree: MR cholangiographic [4]
findings and clinical applications. Am J Roentgenol. 2001;177:389-94.

  Huang  TL,  Cheng  YF,  Chen  CL,  Lee  TY.  Variants  of  the  bile  ducts:  Clinical [5]
application in the potential donor of living related hepatic transplantation. 
Transplant Proc. 1996;28(3):1669-70.

 Karakas HM, Celik T, Alicioglu B. Bile duct anatomy of the Anatolian Caucasian [6]
population. Surg Radiol Anat. 2008;30:539-45.

  Cho  A,  Okazumi  S,  Yoshinaga  Y,  Ishikawa  Y,  Ryu  M,  Ochiai  T.  Relationship [7]
between left biliary duct system and left portal vein: Evaluation with three-
dimensional portocholangiography. Radiology. 2003;228:246-50.

  Choi JW, Kim TK, Kim KW, Kim AY, Kim PN, Ha HK, et al. Anatomic variation [8]
in intrahepatic bile ducts: An analysis of intraoperative cholangiograms in 300 
consecutive donors for living donor liver transplantation. Korean J Radiol. 
2003;4:85-90.

  Ohkubo M, Nagino M, Kamiya J, Yuasa N, Oda K, Arai T, et al. Surgical anatomy [9]
of the bile ducts at the hepatic hilum as applied to living donor liver transplantation. 
Ann Surg. 2004;239:82-86.

 Sharma V, Saraswat VA, Baijal SS, Choudhuri G. Anatomic variations in intrahepatic [10]
bile ducts in a north Indian population. J Gastroenterol Hepatol. 2008;23:e58-62.

 Song GW, Lee SG, Hwang S, Sung GB, Park KM, Kim KH, et al. Preoperative [11]
evaluation of biliary anatomy of donor in living donor liver transplantation by 
conventional nonenhanced magnetic resonance cholangiography. Transpl Int. 
2007;20:167-73.

 Sarawagi R, Sundar S, Raghuvanshi S, Gupta SK, Jayaraman G. Common and [12]
uncommon anatomical variants of intrahepatic bile ducts in magnetic resonance 
cholangiopancreatography and its clinical implication. Pol J Radiol. 2016;81:250-55.

  Sureka B, Bansal K, Patidar Y, Arora A. Magnetic resonance cholangiographic [13]
evaluation of intrahepatic and extrahepatic bile duct variations. Indian J Radiol 
Imaging. 2016;26:22-32.

 Swain B, Sahoo RK, Sen KK, Kumar MG, Parihar SS, Dubey R. Evaluation of [14]
intrahepatic and extrahepatic biliary tree anatomy and its variation by magnetic 
resonance cholangiopancreatography in Odisha population: A retrospective 
study. Anat Cell Biol. 2020;53(1):08-14. Doi: 10.5115/acb.19.177. Epub 2019 
Mar 31. PMID: 32274243; PMCID: PMC7118263.

  Kawarada Y, Das BC, Onishi H, Taoka H, Gadzijev EM, Ravnik D, et al. Surgical [15]
anatomy of the bile duct branches of the medial segment (B4) of the liver in 
relation to hilar carcinoma. J Hepatobiliary Pancreat Surg. 2000;7(5):480-85.

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

