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Abstract

Background

There are several variations in the complex anatomy of intrahepatic bile ducts. Magnetic resonance
cholangiopancreatographyis a saferimaging modality that effectively shows these variations, aiding in
surgical planning and preventing iatrogenic injuries. This study aims to evaluate these anatomical vari-
ations using magnetic resonance cholangiopancreatography.

Materials and Methods

This cross-sectional prospective study was performed in the Radiology Department of Nobel Medical
College for one year using a convenient sampling technique. Atotal of 165 cases meeting the inclusion
criteria were selected and magnetic resonance cholangiopancreatography was performed to evaluate
the anatomical variations.

Results

The mean age of patients was 34.32+10.22 years out of which 51.5%were male and 48.5%were
female. The branching pattern of right hepatic duct was typical in 66.7% of cases. The right posterior
sectoral duct joining left hepatic duct was the most common variation seen in 15.2%. Right posterior
sectoral duct joining the common bile duct was present in 6.7%. 6.1% of cases had unclassified varia-
tion whereas a trifurcation pattern was found in 5.5%. Left hepatic duct showed the typical branching
pattern in 70.9% of cases. Segment Il duct draining into the common trunk of segments Ill and IV was
seen in 20%. Triconfluence among segments I, Ill, and IV was seen in 8.5% and 0.6% of cases had
unclassified variation.

Conclusion
This study revealed wide variation in branching patterns of intrahepatic biliary ducts. The typical
branching pattern of right and left hepatic ducts were seen in majority of cases.
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Introduction

The complexity of the biliary channel anatomy
arises from the presence of intrahepatic and
extrahepatic variations. Because of the recent
advancement, the frequency of complex hepato-
biliary surgeries including bile duct interventions,
partial liver resections, and partial liver transplan-
tation are increasing trends and in-depth accu-
rate anatomical study of these branching pat-
terns of bile duct is crucial before these surgeries
[1,2].

Magnetic resonance cholangiopancreatography
(MRCP) is an ideal non-invasiveimaging modal-
ity for the visualization of bile ducts which is safe,
more accurate and devoid of ionising radiations
[3-5].The right posterior duct draining to the left
hepatic duct or at its confluence with the right
anterior duct is the most common anatomic
variation of the bile duct; reported in about 30% of
cases [6]. These variations can complicate
surgeries, leading to difficult anastomosis and
increased morbidity [7]. The epidemiology of
extra-hepatic biliary abnormalities like pancrea-
ticobiliary duct maljunction is well studied, but
data on intrahepatic variations with regional
differences, and demographic correlations
remain limited [8].

This study aims to evaluate the anatomical
variations of intrahepatic biliary tree using MRCP
in a tertiary teaching hospital in Eastern Nepal.
This will further aid radiologists and clinicians in
accurately interpreting MRCP images and
guiding therapeutic interventions.

Material and Methods

This cross-sectional prospective observational
study was conducted in the Department of
Radiology Nobel Medical College for one year
from June 2022 to 2023 after getting ethical
clearance from the institutional review committee
(IRC; Reference no. 630/2022). Informed
consent was taken from all the enrolled patients
after a detailed explanation of the study.

All consecutive patients of age more than 18
years irrespective of gender undergoing MRCP
for evaluation of hepatobiliary disease were
included in this study. Patients with a prior history
of liver surgery, malignant or benign hepatic
lesions making the biliary tree difficult to visual-
ize, severe biliary tree obstruction, motion
artifacts and poor-quality images were excluded
from the study.

A convenient sampling technique was used for
patient selection. The sample size was calcu-
lated using the following formula: n=Z’p x g/e” =
(1.96)*x0.63 x0.37/(0.075)*> ~ 160. ; Where, n=
minimum required sample size, Z= 1.96 at 95%

%
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Confidence Interval (Cl)p= prevalence of ana-
tomical variations of biliary tree taken from
previous studies 63%. Based on a study con-
ducted by Choi et al. for anatomic variation in
intrahepatic bile ducts the prevalence was found
to be 63%, q= 1-p and e= margin of error, 7.5%
[9]. Thus, a total of 165 patients were included in
this study.

MRCP was performed in a 3-Tesla MRI system
(Skyra, Siemens). Images were acquired using
body coil using the parameters: Time of relax-
ation (TR) of 8,000 ms, Time of excitation (TE) of
800 ms, flip angle of 90 degrees, and field of view
(FOV) 250-300 mm. For the maximum intensity
projections images 40 mm thick oblique coronal
slices at 0.4-mm interval on breath hold were
obtained. Respiratory gated 3D images were
obtained using TR-1,204 ms; TE-650 ms; flip
angle 90 degrees and FOV 280mm. Image
interpretation was done by two radiologists
conjointly without any discrepancies and the
presence of any common or uncommon variants
was documented. The classification of right
hepatic duct variations was done according to the
classification by Sureka et al. and the left hepatic
duct variation was done according to the classifi-
cation done by Choi et al [9, 10].Additional
anomalies such as aberrant and accessory bile
ducts, as well as complex variations in the pattern
of the biliary tree that cannot be easily catego-
rized, are described in further detail.

Data was analyzed using SPSS version 22.
Descriptive statistics was used to determine the
type of anatomical variations and branching
pattern. The different branching patterns of RHD
(Types I, 11, A, HIB, llic, IV, V, VI and VII) and
LHD (TypesA, B, C and D) were determined. The
RHD and LHD variations across genders were
compared through cross-tabulation. The Chi-
square test was applied for the statistical signifi-
cance of IHBD variations in males and females.

Results

A total of 165 patients undergoing MRCP were
selected in this study, with ages ranging from 18
years to 62 years. The mean age of patients
undergoing MRCP was 34.32+10.22 years.
Regarding gender 85 (51.5%) were male and 80
(48.5%) were female. The anatomical variation of
the right hepatic duct was done according to the
classification given by Sureka et al and is shown
in Table 1. The frequency of variation of RHD
among males and females is shown in Table 2.
Also, the Chi-square Statistic value obtained by
Chi-square test via SPSS was 0.087 i.e. the
difference in RHD variation between males and
females was not statistically significant.
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Table 1: Anatomical variations of Right intra-hepatic
Biliary Ductal System (Sureka et al)

Classification Frequency Percentage

(n=165) (%)
Type I: Typical: RPSD joining RASD 110 66.7
medially to from RHD
Type II: Trifurcation: Simultaneous 9 5.5
emptying of the RASD, RPSD and LHD
into the CHD
Type Ill: Anomalous drainage of RPSD
A: RPSD joining LHD (crossover 25 15.2

anomaly) 1 6.7
B: RPSD joining CHD - -
C:RPSD joining cystic duct

Type IV: Aberrant drainage of RHD into

the cystic duct

Type V: Accessory right hepatic duct

Type VI: Segments Il and Il duct

draining individually into the RHS or Figure 2: Trifurcation: Simultaneous emptying of the
CHD RASD, RPSD and LHD into the CHD. (Type ll).

Type VII: Others and unclassified 10 6.1

variations.

Table 2: Cross Tabulation of Sex and RHD Type.

RHD Type Male Female Total
| 56 (50.9%) 54 (49.1%) 110

Il 5 (55.4%) 4(44.6%) 9

A 14 (56%) 11(44%) 25

1B 4(36.4%) 7 (63.6%) 11

Vi 6 (60%) 4 (40%) 10
Total 85 (51.5%) 80 (48.5%) 165

The anatomical variation of the left hepatic duct
was done according to the classification given by
Choi et al and is shown in Table 3. The frequency
of variation of LHD among male and female is
shown in Table 4. AIS_O’ the Ch"sql_"are Statistic Figure 3: Projection reformatted MRCP image showing
value obtained by Chi-square test via SPSSwas  Right posterior sectoral duct opening into the left
0.01i.e. the difference in LHD variation between  hepatic duct (TypelllA).

males and females was statistically significant.

Figure 1: Typical right intrahepatic biliary duct branch- . ] ) o
ing pattern- RPSD joining RASD medially to from RHD Figure 4: Right posterior sectoral duct opening into the
(Typel). common hepatic duct (Type llIB)
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Table 3: Anatomical variations of Left intra-hepatic
Biliary Ductal System (Choi et al)

S Frequency  Percentage
Classification ) (%)
Type A: Common trunk of segment 17 70.9%
Il and segment Il joins segment IV
Type B: Tri-confluence of segments 14 8.5%
I, llland IV
Type C: Segment Il duct drains into 33 20%
the common trunk of segment Il
and segment |V
Type D: Others and unclassified 1 0.6%

variations

Table 4: Cross Tabulation of Sexand LHD Type.

LHD Type Male Female Total
A 58 (49.6%) 59 (50.4%) 117
B 9 (64.3%) 5(35.7%) 14
C 18 (54.5%) 15 (45.5%) 33
D 0 (0%) 1 (100%) 1
Total 85 (51.5%) 80 (48.5%) 165
Discussion

MRCP is the gold standard for the study of the
biliary tree owing to its high sensitivity, non-
invasive nature as well as the absence of ionizing
radiation. Due to several technical improvements
introduced in its protocol over recent years,
MRCP allows us to investigate the morphology of
intra-hepatic bile ducts and cystic ducts.

There are different classifications used to
describe anatomical variations of bile ducts. The
branching pattern of RHD was done according to
the classification by Sureka et al, which consisted
of seven different types. RPSD joining RASD
medially forming RHD was considered the typical
branching pattern i.e. Type | and was the com-
monest branching pattern, which was seen in
64% of cases. Type Il was anomalous drainage
of RPSD seen in 17% of cases. In Type Il RASD,
RPSD, and LHD simultaneously empty into the
CHD also called the trifurcation pattern seen in
5% of cases. In type IV RHD drains into the cystic
duct, seen in 3% cases. Accessory RHD(type V)
was present in 1.4% of cases. In type VI seg-
ments Il and Il duct drains individually into RHD
or CHD and Type VIl was considered as others or
unclassified variations which were seen in none
of the cases [10].The present study also con-
cluded that Type-I typical branching pattern was
the most common type of RHD variation seen in
110 (66.7%) of cases.

A study using the same classification references
was conducted by Lynser et al in 347 cases was
in line with the present study which revealed that

%
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for right hepatic duct, Type | was the most com-
mon comprising 72% cases, followed by Type |
(17%), Type lIA(5.7%), Type llIB (2.9%), Type VI
(0.86), Type V and VII (0.58%) and least one was
Type IV (0.3%). For left hepatic duct, Type | was
the commonest one seen in 93.7 % of cases,
followed by Type B (3.7%), Type D (1.7%) and
the least common was Type C (0.86%) [11]. The
present study also showed that in left hepatic
branching pattern Type A i.e., common trunk of
segment Il and segment |l joining segment IV
was the most common variation seen in 117
(70.9%) cases.

A similar study conducted in North India was in
line with the finding of the present study which
revealed that regarding the right hepatic duct,
63% of patients had Type-l typical branching
pattern and for left hepatic duct variations, the
most common type of classification was Type-I
seenin 34% of the patients [12].

Another study conducted in India also showed
similar findings to the present study which
concluded that the most common right hepatic
duct variation was typical in 55.3% and the most
common type of left hepatic duct branching was
Type-l common trunk of segment Il and Il ducts
joining the segment IV duct seen in 67.8% of
cases[13].

Another study conducted by Paudel et al in Nepal
also supported the findings of the present study
which revealed that the most common right
hepatic duct variation was Type-I seen in 47.8%
of cases and the most common left hepatic
variation was Type-l noted in 67.4% of cases.
However, the variation of LHD between males
and females was significant in our study, unlike
their study [14].

Another study conducted in Korea also sup-
ported the findings of this study which showed
the typical anatomy in 63% of cases, trifurcation
in 10%, RPSD draining into the LHD in 11%,
RPSD emptying into the CHD and cystic duct
was seen in 6% and 2% respectively, drainage of
the RHD into the cystic duct and accessory duct
draining into CHD or RHD in 5%, LHD draining
individually into the CHD or RHD in 1%, and
unclassified variationin 1% [9].

A similar study conducted in Iran was similar to
the findings of this study. The study showed the
right dominant A1 Huang pattern as the most
common type seen in 45% which is also the most
common type seen in this study. Type A2 Huang
or trifurcation was seen in 21.5% of patients. Left
dominant or Type A3 Huang was seen in 13.3%
of patients. Type A4 was seen in 3.6% of patients
[15].Hence the findings of the present study were
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supported by the findings of various other stud-
ies, we can conclude that the majority of the
patients have normal anatomical variations. It is
crucial to take these variations into account prior
before any liver transplants or other hepatobiliary
surgeries.

Conclusion

MRCP is the ideal imaging modality for the
evaluation of the biliary ducts. Along with other
anatomical variations, typical branching patterns
of the right and left hepatic duct were seen in
66.7% and 70.9% of cases respectively. Accu-
rate preoperative identification of these varia-
tions is crucial to effectively plan hepatobiliary
surgeries.
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