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ABSTRACT

Background: Biliary anatomy and its common and uncommon variations are of considerable
clinical significance when performing living donor transplantation, radiological interventions in
hepatobiliary system, laparoscopic cholecystectomy, and liver resection (hepatectomy,
segmentectomy). Because of increasing trend found in the number of liver transplant surgeries
being performed, magnetic resonance cholangiopancreatography (MRCP) has become the
modality of choice for noninvasive evaluation of abnormalities of the biliary tract. The purpose
of this study is to describe the anatomic variations of the intrahepatic biliary tree.

Materials and methods: This quantitative, cross sectional study was performed in patients
referred for MRCP examinations for various clinical indications to the Department of Radiology
and Imaging, Santosh medical college & hospital Ghaziabad. Data were collected for a period of
four months from August to November 2019 after IRB approval. Convenience sampling was
employed and a total of 374 examinations were included. Patients with history of hepatic or
biliary surgery were excluded from the study. Data were obtained from the 1.5T Magnetom
Amira Siemens MRI scanner. Informed consent forms were taken from the patients meeting the
inclusion criteria. The routine department protocol was followed for the MRCP examinations.
The patients were thoroughly screened as per department guidelines for any ferromagnetic
material. Freshly crushed pineapple juice was given to the patients prior to the examination to
reduce fluid signal from the stomach.

Result: Among 374 patients, including 288 males and 246 females, a normal morphology of
intrahepatic biliary system (Type 1) was found in 53.5% of cases. The second most frequent
presentation, in about 14.7% of patients, was Type Ill a with RPD emptying on the left hepatic
duct. The triple confluence morphology (Type I1) was found in 10.4% of cases.
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Conclusion: Delineation of the precise normal biliary anatomy and anatomical variants is
mandatory for donor selection and surgical planning to minimize postoperative biliary
complications in the donor as well as the recipient.

Keywords: MRCP; intrahepatic biliary tree; intraoperative cholangiography

INTRODUCTION

The anatomy of the biliary tree is complex, with the existence of multiple intrahepatic and
extrahepatic anatomical variants. Serious consideration of the surgical anatomy of the liver has
begun with the advent of therapeutic interventions for the bile duct, liver resections and partial
liver transplantations with increasing frequency and complexity. ™ Accurate widespread
knowledge of the biliary anatomy and its variations is needed to plan the surgeries and minimize
post-operative complications [2]. MRCP is an accurate and non-invasive imaging technique for
demonstration of bile duct anatomy. It is a safer modality, devoid of ionizing radiation, which
can be performed in patients allergic to iodinated contrast agents [3].

The intrahepatic bile ducts typically follow the portal veins along their anterior aspect. The right
hepatic duct is composed of an anterior segmental branch, which drains Couinaud’s segment 5
and 8 of the liver, and a posterior segmental branch, which drains segment 6 and 7. The right
anterior sectoral duct (RASD) is vertically oriented whereas the right posterior sectoral duct
(RPSD) is more horizontally oriented. ™! Normally, RPSD passes posterior to RASD and joins it
from the medial aspect. The left hepatic duct drains segments 2, 3 and 4 of the liver. The bile
duct from the caudate lobe usually joins the origin of the left and right hepatic ducts. The right
and left main hepatic ducts unite in the hilum to form the common hepatic duct (CHD). ! The
typical branching pattern is seen in 50-60% of population with a significant number of subjects
showing variation in the branching pattern.

Radiologists, are all acquainted with the cross- sectional segmental anatomy of the liver.
Variations in hepatic artery, portal vein, hepatic veins, and biliary tree are common and
knowledge of these anatomic variations is of considerable clinical relevance as there has been an
increasing trend in the radiological intervention procedures and liver transplantation surgeries.

Intrahepatic and extrahepatic bile duct variations are commonly seen. Normal biliary anatomy is
seen in only 58% of the population. There are various techniques available for the visualization
of biliary tree. [ Intravenous cholangiography often does not opacify the intra and extrahepatic
biliary tree and rarely allows a detailed visualization of the duct bifurcation. Endoscopic
retrograde cholangiopancreatography (ERCP), although very accurate, is an invasive method for
imaging the biliary tree. Intraoperative cholangiography is also highly accurate; however, it is an
invasive procedure and its routine use remains controversial. ©!
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Magnetic resonance cholangiopancreatography (MRCP) is an excellent non- invasive imaging
technique for visualization of detailed biliary anatomy. High- resolution cross- sectional,
two- dimensional (2D) and three- dimensional (3D) projection images provide excellent
detailed anatomy which is comparable to ERCP and intraoperative cholangiograms. ! In this
article, we will discuss the different patterns of intra hepatic duct variations. We will also
highlight the clinical significance of these anatomic variations.

MATERIALS AND METHODS

This quantitative, cross sectional study was performed in patients referred for MRCP
examinations for various clinical indications to the Department of Radiology and Imaging,
Santosh medical college & hospital Ghaziabad.

Inclusion Criteria

1. Patients undergoing MRCP Abdomen as a part of their investigations
2. Patients within the range 18 to 70 years were included in the study
Exclusion Criteria

1. Patients in whom MRI is contraindicated

Convenience sampling was employed and a total of 374 examinations were included. Patients
with history of hepatic or biliary surgery were excluded from the study. Data were obtained from
the 1.5T Magnetom Amira Siemens MRI scanner. Informed consent forms were taken from the
patients meeting the inclusion criteria. The routine department protocol was followed for the
MRCP examinations. The patients were thoroughly screened as per department guidelines for
any ferromagnetic material. Freshly crushed pineapple juice was given to the patients prior to the
examination to reduce fluid signal from the stomach. The routinely obtained sequences in TUTH
are as follows:

e T2 HASTE coronal respiratory triggering: FOV 350mm, slice thickness 4.5mm, TR
2000ms, TE 93ms, slices 25, distance factor 50%, PAT 2, voxel size 1.1x1.1x4.5mm.

e T2 HASTE transverse respiratory triggering: FOV 370mm, slice thickness 5mm, TR
2000ms, TE 99ms, slices 30, distance factor 40%, PAT 2, voxel size 1.4x1.4x5mm.

e T2 FBLADE FATSAT respiratory triggering: FOV 380mm, slice thickness 6mm, TR
3000ms, TE 90ms, slices 30, distance factor 30%, PAT 2, voxel size 1.2x1.2x6 mm.
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e T2 HASTE FATSAT coronal thick slab breath hold: FOV 350mm, slice thickness
4.5mm, TR 2000ms, TE 93ms, slices 25, distance factor 50%, PAT 2, voxel size
1.1x1.1x4.5mm.

e T2 SPACE coronal respiratory triggering: FOV 380mm, slice thickness 1mm, TR
2500ms, TE 520ms, slabs 1, slices per slab 72, no slice oversampling, PAT 2, voxel size
0.5x0.5x1mm.

The 3D SPACE images were reformatted with Maximum Intensity Projection. These images
were then visually analyzed to determine the IHBD variations.

The percentage of IHBD variations according to gender were cross tabulated. The percentage of
cases having normal (Type 1) and abnormal (Type 2/3A/3B/3C/4/5A/5B/6/7) were determined.

RESULTS

Among 374 patients, including 288 males and 246 females, a normal morphology of intrahepatic
biliary system (Type 1) was found in 53.5% of cases. The second most frequent presentation, in
about 14.7% of patients, was Type Ill a with RPD emptying on the left hepatic duct. The triple
confluence morphology (Type 11) was found in 10.4% of cases. Only 5.3% 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 11l b variant, the cystic duct drained
directly into the aberrant duct. In about 9.4% of cases, more complex biliary variants were found.
Biliary classification was done as per to the ERCP findings of Huang et al., [10]. These were Al
(right and left hepatic ducts forming a common hepatic duct), A2 (trifurcation formed by the
right anterior hepatic duct), A3 (drainage of the right posterior hepatic duct into the left hepatic
duct), A4 (drainage of the right posterior hepatic duct into the common hepatic duct) and A5
(right posterior hepatic duct into the cystic duct). All anatomic presentations of the intrahepatic
biliary tree are summarized in Table 2.

At the time of study 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. 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 (11) 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.

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

THICKNESS GAP TIME REQUIRED
THICK SLAB 2D . .
SSESE 50 mm n/a 1-2 sec for slice/2 min
THIN-SECTION 2D | 3mm 0-1 mm 20-25 sec
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SSFSE

RESPIRATORY-
TRIGGERED 3D
FRFSE

2-3 mm

1 mm

2-3 min

BREATH-HOLD 3D

FRFSE 3 mm

0-1 mm

24-27 sec

Table 2. Anatomical variants of intrahepatic biliary system at MRCP (RPD: right posterior

duct; LHD: left hepatic duct)

Intrahepatic bile ducts

No of patients

Percentage (%)

Normal 200 53.5
RPD on LHD 55 14.7
Triple confluence 39 10.4
Aberrant RPD 20 5.3
Others 35 94
Type IV 7 1.9
Type Va 6 1.6
Type Vb 7 1.9
Type VI 5 1.3

Table 3: Anatomical variants of intrahepatic biliary system at MRCP (RPD: right
posterior duct; LHD: left hepatic duct)

No of patients

Percentage (%)

Extra Hepatic duct

Normal 221 59.0909091
Cranial 63 16.8449198
Caudal 90 24.0641711
Unclassified 221 59.0909091
Side-wall insertion

Posterior 145 38.7700535
Medial 51 13.6363636
Lateral 153 40.9090909
Anterior 12 3.20855615
On aberrant RPD 13 3.47593583
Extra Hepatic Cystic duct course

Parallel 131 35.026738
Convolute 95 25.4010695
Unclassified 148 39.5721925
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Regarding the anatomy of the cystic duct, in 59.9% of patients a normal anatomy was observed,
with 38.7% of cases showing implantation on the posterior side wall of the common bile duct, as
reported in Table 3. In 16.8% of patients, the implantation of the cystic duct was cranial; in 24%
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 35% of patients and a convolute
course in 25.4% of cases.

Fig: - Intra hepatic bile duct
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DISCUSSION

The biliary tree has a high frequency of variations; as a result, misidentification of the biliary
anatomy can result in several complications that may influence the patient’s initial prognosis.
Biliary anatomy analysis is critical for the surgical results of liver procedures, especially in cases
of liver transplantation. Failure to recognize any minor intrahepatic branches that cross the
dissection line can ultimately result in unembellished postoperative biliary leakage and
complications. Biliary complications following liver transplantation have been stated in 10-25%
of cases overall, with approximately 10% of these cases proving fatal. [**!

Over the last two decades, MRCP has evolved considerably, aided by improvements in
acquisition speed and spatial resolution. It now has a recognized role in examining many
disorders related to the biliary nature, helping as a non-invasive substitute for ERCP. MRCP uses
heavily T2-weighted pulse sequences in which slow-moving or static fluids inside the pancreatic
duct and the biliary tree appear as high signal strength on MRCP. Simultaneously, the adjacent
tissue has reduced signal intensity. Heavily T2-weighted images were initially obtained via
modified fast spin-echo (FSE) sequences and gradient-echo (GRE) balanced steady-state free
precession techniques. 14

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%. ™! 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, ™ 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.

This study adopted the Choi. ™" classification of biliary branching patterns. Type I (classic)
showed horizontal RPSD joining the vertical RASD to form RHD, joining the confluence with a
stem more than 1 cm in length; type II: trifurcation pattern; type Ill: RPSD inserted into LHD
(@), into CHD (b), and into the cystic duct (c); type IV: RHD inserted into the cystic duct; type
V: classic type with accessory duct inserted into CHD (a) or RHD (b); type VI: individual
draining of segments Il and 111 into RHD; and type VII: unclassified patterns. Wang. *® showed
that 56% of the donors had a type | classic branching pattern, 11% had a type Il trifurcation
pattern, 18% had a type Ill branching pattern, and 8% had a type IlI-b branching pattern. In a
study conducted by Basaran, 67.5% of donors presented with a type | classic branching pattern,
5% with a type 11 trifurcation pattern, 20% with type I11-a, and 2.5% with type I11-b. !
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The type | classic branching pattern was observed in 803 subjects (79.4%), while the remaining
208 subjects (20.6%) presented different anatomical variations. Wang CL. % reviewed MRCP
examinations of 475 patients with suspected pancreaticobiliary disorders and found 115
individuals (24.2%) with various anatomic abnormalities. Our study yielded similar results.
According to the 10C, 23 out of 35 subjects (65.7%) had a type | classic branching pattern, 4
(11.4%) had a type Il trifurcation branching pattern, 2 (5.7%) had a type Ill-a pattern, 2 (5.7%)
had a type I11-b pattern, 3 (8.6%) had a type IV pattern, and 1 (2.9%) had a type VII unclassified
pattern. MRCP revealed type | in 22 subjects (62.9%), type Il variant in 6 subjects (17.1%), type
Il variant in 4 subjects (11.4%), and type IV variant in 3 subjects (8.6%). MRCP could not
correctly diagnose type VII, so it was interpreted as type Il. Additionally, MRCP falsely
diagnosed one of the standard classical types as a pattern. While the 10C precisely delineated the
intrahepatic biliary radicles in all subjects, the 3D MRCP accurately delineated 33 subjects, with
a diagnostic accuracy of 97.1%.

MRCP data collection has been significantly improved in terms of spatial and temporal
resolution, allowing MRCP to remain the gold standard for evaluating hepatobiliary disease.
Furthermore, MRCP continues to play a crucial role in the non-invasive evaluation of several
pancreatic biliary disorders. ! Biliary obstruction is one of the best indications for MRCP.
MRCP can definitely see dilated biliary ducts and may be used to measure the extent of
obstruction in extrahepatic bile ducts. Furthermore, the great spatial and contrast resolution
provides preoperative information on the intra- and extra-biliary distribution of potentially
malignant strictures. 2

CONCLUSION

Delineation of the precise normal biliary anatomy and anatomical variants is mandatory for
donor selection and surgical planning to minimize postoperative biliary complications in the
donor as well as the recipient. MRCP (2D and 3D) is a reliable method for preoperative
assessment of the normal intrahepatic biliary anatomy and anatomical variants; nevertheless,
adding contrast-enhanced MRCP will significantly improve the diagnostic accuracy and
approximate it to the golden standard 10C.
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