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Abstract Objective: To describe the anatomical variations occurring in intrahepatic bile ducts

(IHDs) and their frequencies in general adult Egyptian population using 3.0-T MR cholangiography

(MRC) as well as its clinical importance to reduce the biliary complications of hepatobiliary surgery.

Materials and methods: MRCwas applied to a study group of 106 subjects (26 potential liver donors

and 80 volunteers). Anatomical variations in IHDs were classified based on the variable insertion of

right posterior hepatic bile duct (RPHD) using Huang classification.

Results: According to this classification, the frequencies of each type were as follows: Huang A1

(typical pattern): 63.2% (n = 67), Huang A2: 10.4% (n= 11), Huang A3: 17% (n= 18), Huang

A4, 7.5% (n = 8), and Huang A5: 1.9% (n= 2). Total frequency for atypical types (i.e. A2, A3,

A4 and A5) was 36.8%. No significant difference was detected in the distance between RPHD inser-

tion to the junction of right and left hepatic duct in-between these Huang types. This distance

was short (<1 cm) in 21 of subjects under Huang A classification. Twenty-one donors underwent
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intraoperative cholangiograms, of which twenty (95.2%) had similar classification in both intraop-

erative and MRC findings.

Conclusion: The incidence of variant biliary anatomy in general Egyptian population (36.8%) as

well as the presence of Huang type A with short distance (<1 cm) between RPHD insertion and

junction of right and left hepatic duct (19.8%) enhance the importance of MRC as a pre-operative

tool before hepato-biliary surgical procedures to reduce post-operative biliary complications.

� 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.

Open access under CC BY-NC-ND license.
1. Introduction

The growing prevalence and complexity of hepatobiliary sur-

gery necessitate a detailed preoperative assessment of vascular
and biliary anatomies in order to insure the safety of patient
as well as the best selection of therapeutic approach (1–4). Iat-

rogenic biliary pathology is relatively a frequent problem
following hepatic surgery that negatively influences the postop-
erative course, leading to increased complication rates andmor-

tality, in addition to reducing the quality of life (5–7). Despite
improved survival rates and advances in surgical technique, bil-
iary complications which occurring in 7–10% of donors, repre-
sent the most common cause of morbidity in living donor liver

transplantation (8–10). Biliary complications after hepatic tu-
mor resection are also an important cause of major morbidity
with a prevalence of 3.6–8.1% (11). Even in the laparoscopic

cholecystectomywhich has low complication rate (<1%), some
anatomic variants can increase the risk of biliary injuries if
unrecognized by the surgeon (12). This can be lowered by pro-

viding the surgeons with clear biliary anatomymap that helps to
plan their approach before beginning the procedure (1,13).

Biliary anatomy mapping can be defined using endoscopic

retrograde cholangiopancreaticography (ERCP), intraopera-
tive cholangiography, computed tomography (CT) cholangiog-
raphy and/or magnetic resonance cholangiopancreaticography
(MRCP) (1,2,14).

Although the diagnostic endoscopic retrograde cholangiog-
raphy is the standard examination for defining biliary anatomy,
it carries a major complication rate of 1.4–3.2% (15,16), so the

development of a safer method of evaluating biliary anatomy
would be beneficial. On the other hand, CT imaging of biliary
system has some disadvantages, mainly related to the biliary

contrast agent and high radiation dose (17). The introduction
of Magnetic resonance cholangiopancreatography (MRCP) in
the early 1990s served as a non-invasive safe examination that

does not expose the patient to ionizing radiation and requires
no intravenous contrast agent (12,15,18). Since the early
2000s, 3 Tesla clinical MRI has been one of the fastest growing
segments of the MRI market; MRCP at 3 Tesla is very promis-

ing as a diagnostic tool for diseases of the biliary tree showing
high resolution and short scan time as well as nearly free of mo-
tion artifacts image (19).

Huang classification method (20) is a widely used classifica-
tion of biliary anatomical variations based on the variable inser-
tion of right posterior hepatic bile duct (RPHD). It is composed

of five distinct anatomic types: Right posterior hepatic duct
(RPHD) opens to the right anterior hepatic duct (RAHD) in
Huang type A1, to the hepatic confluence in type A2 (trifurca-
tion), to the left hepatic duct (LHD) in type A3, to the main he-

patic duct (MHD) in type A4, and to the cystic duct in type A5.
Ohkubo (21) divides the bile ducts according to the position
of RPHD insertion relative to portal vein level, so (types A–C)

are supraportal, and types D and E are infraportal patterns.
Ohkubo types F and G are applied when accessory branches
of RPHD exist, in this situation; RPHD opens to main hepatic

duct from superior (above), and inferior (infraportal) in type
F. In type G, RPHD opens to the hepatic duct, and the acces-
sory branch to left hepatic duct.

Champetier classification (22), in comparison to Huang

classification, deals only with the variations and not with the
dominant Huang type A. It has an additional type (E) in which
both RPHD and RAHD open to cystic duct.

With this work, we aimed to study the frequencies of biliary
anatomic variations in general adult Egyptian population
using 3-T MR cholangiography (MRC) in order to reduce

the morbidity and mortality of hepatobiliary surgery.
2. Material and methods

2.1. Study subjects

Our study population consisted of 106 subjects 26 potential li-
ver donors and 80 volunteers referred for lumbar MRI with no
significant past or present medical problems. They included 59
males and 47 females with mean age of 37 ± 15.2 years (range

17–62 years).
This study was approved by our institutional review board

and informed subject consent was obtained.

2.2. MRC protocol

All subjects underwent MR imaging (MRI) at 3.0-T MR sys-

tem (Intera Achieva; Philips Medical Systems, Netherlands)
with a phased array coil using 6 elements. The subjects were in-
structed to fast for 6 h before the MRI examination in order to

fill their gallbladder, obtain an empty stomach, and to suppress
intestinal movements. Initially, the routine breath-hold trans-
verse T1- weighted in- and opposed-phase gradient-echo MRI
and T2- weighted TSEMRI with fat saturation for localization

of the biliary ducts was done. Subsequently MRC was con-
ducted. First, breath-hold single-slice rapid acquisition with
relaxation enhancement (RARE) was done with coronal and

±15 degree oblique coronal orientation resulting in nine slices.
Second, respiratory-triggered 3-dimensional turbo spin-echo
(3D TSE) was done using a respiratory belt placed on a sub-

ject’s abdomen. Maximum intensity projections (MIPs) in an
analogous orientation of RARE sequences (coronal and ±15
degree oblique coronal orientation) were generated from the
MR console using a dedicated workstation (Table 1).

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 MRC protocol.

RARE 3D TSE

Repetition time (TR) in milliseconds 9800 2600

Echo time (TE) in milliseconds 920 740

Matrix 256 · 256 217 · 256

Number of signal averages 1 1

Flip angle (degree) 90 90

Echo train length 256 87

Slice thickness 50 mm 1 mm

Field of view 30 · 30 cm2 30 · 30 cm2

Acquisition time 9.8 s for each slice 2–5 min depending on respiratory frequency
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2.3. Image interpretation

The insertion of right posterior hepatic duct was traced in each
case and the classification of subjects was done based on

Huang classification (20). The distance of RPHD insertion to
the right and left hepatic duct junction was measured and its
mean was calculated in each type separately.

Intra-operative cholangiograms and bile duct explorations
of 21 donor candidates were retrospectively compared with
the classification that was made after MRCP.

2.4. Statistical analysis

Statistical analysis was done using statistical package SPSS
version 10. McNemar and T test were used for statistical anal-

yses (P value < 0.05 was set to be statistically significant).

3. Results

This study included 106 candidates, (59 males and 47 females)
with mean age of 37 ± 15.2 years (range 17–62 years). Ana-
tomic biliary variations were divided into five types, based

on RPHD insertion (Fig. 1), according to Huang classification
(20). According to this classification, the frequencies of each
type were as follows (Fig. 2 and Table 2): Huang A1: 63.2%

(n= 67) (Fig. 3), Huang A2: 10.4% (n = 11) (Fig. 4), Huang
A3: 17% (n= 18) (Fig. 5), Huang A4: 7.5% (n= 8) (Fig. 6)
and Huang A5: 1.9% (n= 2) (Fig. 7). Total frequency for

non Huang A1 (i.e. A2, A3, A4 and A5) was 36.8%.
Fig. 1 Drawings show Huang classification.
From the surgical point of view, RPHD insertion within

1 cm to right and left hepatic duct junction is more amenable
to intra-operative technical modification. So standard surgical
techniques mandate to classify the type Huang A1 subjects, in
which the distance between RPHD and the right and left hepa-

tic duct junction (d) is 1 cm or less, as a common junction of
RAHD, RPHD and LHD (14). As we had 21 subjects with this
character, we had to Re-classify Huang A1 from this view into

S1 (d > 1 cm) and S2 (d 6 1 cm). In this manner, we had 46
subjects of subtype S1 and 21 with subtype S2 with frequencies
of 43.4% for S1 (n= 46) and 19.8% for S2 (n = 21).

The mean distance of RPHD insertion to right and left he-
patic duct junction was 9.61 ± 4.72 mm (range = 4–23 mm)
in type Huang A1, 9.39 ± 5.13 mm (range = 3–22 mm) in

type Huang A3, and 9.11 ± 4.32 (range = 4–23 mm) in type
Huang A4. No significant difference was detected in the dis-
tance between RPHD insertion to the junction of right and left
hepatic duct in-between these Huang types.

Intraoperative cholangiograms and bile duct explorations
of 21 operated donors had revealed Huang type A1 pattern
in 14 (66.7%), type A2 pattern in 2 (9.5%), and type A3 pat-

tern in 5 (23.8%) subjects. Twenty (95.2%) of those 21 subjects
had similar classification in both intraoperative and MRC
findings, while one case (4.8%) was assigned as Huang type

A2 type at MRCP and found to be type A3 with (inserted at
distal end of LHD) at intraoperative findings.

4. Discussion

The advent of minimally invasive therapeutic biliary interven-
tion and hepatic surgery as hepatic resection and partial liver

transplantation makes the accurate knowledge of intrahepatic
bile ducts (IHDs) anatomy to become very crucial (23–25).
MRCP is a non-invasive technique that can show biliary and
pancreatic secretions as higher signal intensity structures

against dark background with high sensitivity in biliary map-
ping reaching 90% for normal anatomy (14). Although the con-
genital variants of biliary anatomy do not represent a

contraindication to liver donation, they must be identified be-
fore surgery to prevent ligation of major biliary branches of
the recipient and/or the donor. Multiple biliary anastomoses

during the implantation of the right lobe into the recipient
can be required to avoid atrophy due to biliary obstruction
(26). Another example is that when performing a left hepatec-
tomy in a living related transplant donor, ligation of aberrant

drainage of the RPHD or RAHD into the left hepatic duct will



Fig. 2 Frequencies of different Huang types.

Table 2 Frequencies of biliary variants according to Huang

classification.

Type Number Frequency (%)

Huang A1

Type S1 46 43.4 63.2

Type S2 21 19.8

HuangA2 11 10.4 36.8

HuangA3 18 17

Huang A4 8 7.5

Huang A5 2 1.9

Total 106 100
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produce biliary cirrhosis of segments VI and VII, or segments V
and VIII, respectively (24).

In our study, evaluation focused on the distribution of bili-
ary anatomical variants among adult Egyptian population
using 3-T MRC. We classified the branching pattern of IHDs
according to the Huang classification (20) based on the inser-

tion of RPHD. Our results showed that in the majority of sub-
Fig. 3 MRC 3D TSE (A), RARE (B) (two different patients). Huang

anterior hepatic duct (RAHD) (MHD =main hepatic duct, LHD=
jects, the anatomy of the IHDs was Huang type A1, or typical
type. The predominance of type A1 was also estimated in many

other populations (1,14,27–29). The dominance of type A1 was
obvious in our study (63.2%) with its frequency near to the
yellow race and North Americans. The difference in frequency

of type A1 in comparison to other races (1,14,20,21,28–32) was
not significant. The only exception was encountered in
Germans (type A1 = 11%) but this can be attributed to low

cohort study number (n= 18) (33).
The frequencies of the other types were as following: Huang

A2, 10.4% (n = 11); Huang A3, 17% (n = 18); Huang A4,
7.5% (n = 8); and Huang A5, 1.9% (n= 2).

As type A1 is considered the simplest, and ideal for living
donor liver transplantation (LDLT) as in right lobe transplan-
tation, a single biliary-enteric anastomosis can be made with a

relative ease. However, the length of the right hepatic duct
(RHD) has an essential role. Short RHD makes the anastomo-
sis between donor’s liver and recipient’s bile duct or bowel

difficult as well as more risky for bile duct injury during hepa-
tic resection, accordingly, many subjects who would pre-surgi-
cally be considered for single anastomosis actually may need
type A1: right posterior hepatic duct (RPHD) opens into the right

left hepatic duct).



Fig. 4 MRC 3D TSE (A, B) (two different patients). Huang type A2 (trifurcation): right posterior hepatic duct (RPHD) opens into the

hepatic confluence (RAHD = right anterior hepatic duct, LHD = left hepatic duct, MHD =main hepatic duct).

Fig. 5 MRC 3D TSE (A), RARE (B) (two different patients). Huang type A3: right posterior hepatic duct (RPHD) opens into left

hepatic duct (LHD) (RAHD = right anterior hepatic duct, MHD = main hepatic duct).
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surgical modifications as double anastomosis (20,23,24,27).
This raises the requirement of surgical techniques to classify

the subjects in which the distance between RPHD and the
right and left hepatic duct junction is 1 cm or less, as a com-
mon junction of RAHD, RHPD and LHD (trifurcation)
(14,21,23,27).

In our studywemodified our classification of candidateswith
Huang type A1 according to the distance (d) between RPHD
and the right and left hepatic duct junction into S1 (the distance

(d) > 1 cm) and S2 (distance (d) 6 1 cm) in addition to previ-
ously stated Huang A2, A3, A4 and A5 types. Thereafter, we
had 46 subjects of subtype S1 and 21 subjects with subtype S2

with frequencies of 43.4% and 19.8%, respectively.
Huang type A3 had the second predominance in races other

than Chinese populations (1,14,21,29,31), in this variant the

RPHD drains into the left hepatic duct, this also was true in
our Egyptian subjects, as Huang type A3 occupied the second
order and showed a frequency of 17%. This variant can lead to
inadvertent biliary tract injury in the donor (12), and it may

need double anastomoses to avoid postoperative biliary leak-
age or segmental atrophy (14,21).

The presence of an aberrant right posterior duct draining
into the common hepatic duct (Huang type A4) or into the cys-

tic duct (Huang type A5) may disorient the surgeon, causing
him to inadvertently ligate or section the aberrant ducts (24).
In our series, Huang type A4 was encountered in 8 (7.5%) of

our subjects. This type also may need double anastomoses to
avoid post-transplantation biliary complications (14,21).

RPHD draining into the cystic duct (Huang type A5) must

be paid attention especially during laparoscopic biliary surgery
as it is of particular importance among the reasons of iatrogenic
damage to bile ducts with subsequent complications as biloma,

biliary cirrhosis, or bile leakage. This type has been reported in
the literature with incidence 1–2% (23,32–34). In our series, we



Fig. 6 MRC 3D TSE: Huang type A4: right posterior hepatic

duct (RPHD) opens into main hepatic duct (MHD) (RAHD = -

right anterior hepatic duct, LHD= left hepatic duct).

Fig. 7 MRC 3D TSE (A, B) (same patient). Huang type A5: rig

(RAHD = right anterior hepatic duct, LHD= left hepatic duct, MH

Table 3 Approximate frequencies (%) of biliary variations in diffe

Population studies (reference) A1

Egyptian population (current study) 64

Chinese (20,30) 63–66

Japanese (21,31) 65–73

North American (1,14) 63–73

Anatolian Caucasian (27,28) 55–76

Germans (35) 11

N.B. some of the above listed studies included biliary variants other than
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had nearly same frequency as we encountered Huang A5 in two
subjects (1.9%).

In our study, intraoperative cholangiograms and bile duct

explorations of 21 operated donors were done. Twenty of those
twenty-one subjects had similar classification in both intraoper-
ative and MRC findings that assign accuracy of (95.2%) to

MRC results, the last case was classified as type A2 at MRC
and found to be type A3 with branching pattern at intraopera-
tive findings.

Comparisons with frequencies of biliary variation in other
population were collected in Table 3.

There were some limitations in our study. First, the study
sample size was relatively small which may indicate the further

studies with a large number of subjects. Second, there was
some degree of selection bias, because 26 subjects in this study
were potential liver donors. In addition, only 21 of our subjects

were confirmed intra-operatively.

5. Conclusion

In this study, the incidence of variant biliary anatomy in gen-
eral Egyptian population (36.8%) as well as the presence of
Huang type A with short distance (<1 cm) between RPHD

insertion and junction of right and left hepatic duct (19.8%)
enhance the importance of MRC as a pre-operative tool before
hepato-biliary surgical maneuvers to reduce the post-operative

biliary complications.
ht posterior hepatic duct (RPHD) opens into cystic duct (CD)

D = main hepatic duct).

rent populations according to Huang classification.

A2 A3 A4 A5

10 17 7 2

17–19 3–11 6–11 2–3

5 12 4–7 3–5

0–12 8–13 8–13 0

1–14 6–21 1–10 0–5

11 22 0 28

the five Huang types, e.g. Ohkubo Type F or G.
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