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Purpose. Thorough understanding of biliary anatomy is required when performing surgical interventions in the hepatobiliary
system. This study describes the anatomical variations of right bile ducts in terms of branching and drainage patterns, and
determines their frequency. Methods. We studied 73 samples of cadaveric material, focusing on the relationship of the right anterior
and posterior segmental branches, the way they form the right hepatic duct, and the main variations of their drainage pattern.
Results. The anatomy of the right hepatic duct was typical in 65.75% of samples. Ectopic drainage of the right anterior duct into
the common hepatic duct was found in 15.07% and triple confluence in 9.59%. Ectopic drainage of the right posterior duct into
the common hepatic duct was discovered in 2.74% and ectopic drainage of the right posterior duct into the left hepatic duct in
4.11%. Ectopic drainage of the right anterior duct into the left hepatic ductal system and ectopic drainage of the right posterior
duct into the cystic duct was found in 1.37%. Conclusion. The branching pattern of the right hepatic duct was atypical in 34.25%
of cases. Thus, knowledge of the anatomical variations of the extrahepatic bile ducts is important in many surgical cases.

1. Purpose

Anatomic variations of the extrahepatic bile ducts are impor-
tant during surgical procedures such as laparoscopic chole-
cystectomy, liver resection (hepatectomy, segmentectomy),
and living donor transplantation [1, 2]. It has been shown
that the frequency of bile duct injuries occurring during
laparoscopic cholecystectomies is twice as high as those
occurring during open cholecystectomies [3]. Furthermore,
evaluation of the biliary anatomy is essential before hepatic
lobectomy or segmentectomy, as inaccurate determination of
existing biliary anatomic variations may potentiate ligature
or section of aberrant ducts, leading to major complications
such as leakage or atrophy of the residual liver [2]. Therefore,
it is apparent that thorough knowledge and successful
detection and recognition of such anatomic variations can

lead to decreased morbidity and mortality rates during
hepatobiliary surgery.

Although several methods, like CT or MR cholangio-
grams, have become the modality of choice for noninvasive
evaluation of abnormalities of the biliary tract, they are not
routinely used in preoperative imaging evaluation of patients
undergoing common procedures such as laparoscopic chole-
cystectomy. Also, several uncommon—and usually more
complicated—anatomic variations of the bile duct have been
described. Thus, an accurate knowledge of the anatomy of
the extrahepatic biliary tree and its variants’ frequency is
critical in order to be highly suspicious while operating in
that region.

The purpose of this study is to describe anatomic varia-
tions of the right hepatic duct in terms of the branching
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Figure 1: Main variations of the right hepatic duct in Greek cadavers. (a) Typical anatomy of the right hepatic duct (n = 48, 65.75%). (b)
Ectopic drainage of the right anterior duct into the common hepatic duct (n = 11, 15.07%). (c) Triple confluence, the common hepatic duct
receives independently the right anterior duct, the right posterior duct, and the left hepatic duct (n = 7, 9.59%). (d) Ectopic drainage of the
right posterior duct into the left hepatic ductal system (n = 3, 4.11%). (e) Ectopic drainage of the right posterior duct into the common
hepatic duct (n = 2, 2.74%). (f) Ectopic drainage of the right anterior duct into the left hepatic ductal system (n = 1, 1.37%). (g) Ectopic
drainage of the right posterior duct into the cystic duct (n = 1, 1.37%). ra: right anterior; rp: right posterior; lh: left hepatic.

pattern and to determine the frequency of each variation. To
this end, we studied cadaveric hepatobiliary material.

2. Methods

The material we used in our study consists of 73 samples
from cadaveric incisions that took place at the Laboratory of
Forensics and Toxicology of the University of Athens during
the period of October 2010 to December 2011. The study
received appropriate approval from the University of Athens’
ethics committee. Our material derives from 35 males and
38 females. Samples with cirrhosis, hepatobiliary cancer,
hepatobiliary injuries, and previous operations in the liver
or the biliary system were excluded from the study.

The study was focused on the anatomical relation of
the right anterior and posterior segmental branches to the
formation of the right hepatic duct and on the variants of
their drainage, as the knowledge of the anatomical varia-
tions of the right hepatic duct and its main branches is criti-
cal for successful surgical interventions that involve the hepa-
tobiliary system.

3. Results

The right hepatic duct drains the segments of the right
liver lobe (V–VIII) and has two major branches: the right
posterior branch draining the posterior segments, VI and

VII, and the right anterior duct draining the anterior seg-
ments, V and VIII. The right posterior duct has an almost
horizontal course, whereas the right anterior duct tends to
have a more vertical course. The right posterior duct usually
runs posterior to the right anterior duct 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 II–IV. The common hepatic duct is formed by
fusion of the right hepatic duct, which is usually short, and
the left hepatic duct. The cystic duct classically joins the
common hepatic duct below the confluence of the right
and left hepatic ducts [4]. This typical anatomy of the right
hepatic duct and of the common hepatic duct formation was
encountered in 48 of our samples (65,75%) (Figure 1(a)).

According to Couinaud’s nomenclature, the most com-
mon anatomic variants in the branching of the biliary tree
described involve the right posterior duct and its fusion with
the right anterior or the left hepatic duct. In our study,
ectopic drainage of the right anterior segmental duct into
the common hepatic duct was recognized in 11 out of the
73 samples (15.07%) (Figure 1(b)).

Another variant of the main hepatic biliary branching,
the so-called triple confluence, is an anomaly characterized
by simultaneous emptying of the right posterior duct, right
anterior duct, and left hepatic duct into the common hepatic
duct. In patients with this variant, the right hepatic duct is
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Table 1: Frequency of anatomic variations of the right hepatic ductal system in Greek cadavers and reported presence in existing studies
[12, 13, 21–23].

Anatomical variation
Samples (n) Samples (%)

Reported presence (%)
Males Females Males Females

Typical anatomy of the right hepatic duct 24 24 68,57 63,15 52,9–58

Total 48 65,75

Ectopic drainage of the anterior duct into the common hepatic duct 5 6 14,28 15,78 16

Total 11 15,07

Triple confluence 3 4 8,57 10,52 11-12

Total 7 9,59

Ectopic drainage of the right posterior duct into the left hepatic ductal system 1 2 2,85 5,26 13–19

Total 3 4,11

Ectopic drainage of the right posterior duct into the common hepatic duct 1 1 2,85 2,63 4,5

Total 2 2,74

Ectopic drainage of the right anterior duct into the left hepatic ductal system 1 0 2,85 0 1

Total 1 1,37

Ectopic drainage of the right posterior duct into the cystic duct 0 1 0 2,63 2

Total 1 1,37

Total
35 38

100
100

73

virtually nonexistent. The specific variation was encountered
in seven of our samples (9.59%) (Figure 1(c)).

Drainage of the right posterior hepatic duct into the left
hepatic duct before its confluence with the right anterior duct
is another relatively common anatomic variant of the biliary
system and it presented in three of the samples (4.11%)
(Figure 1(d)). The direct drainage of the right posterior duct
into the common hepatic duct is a variant also known as the
aberrant hepatic duct and was present in two of our samples
(2.74%) (Figure 1(e)). Finally, we found one of each (1,37%)
of some even less common variants of the biliary tree, like
ectopic drainage of the right anterior duct into the left hepa-
tic ductal system, and ectopic drainage of the right posterior
duct into the cystic duct (Figures 1(f) and 1(g)).

4. Discussion

Thorough knowledge of anatomical variations is of key
importance during surgical procedures, especially when it
comes to anatomic areas with high rates of variations, such
as the hepatobiliary system. Many anatomical studies have
been conducted in order to determine the specific anatomical
variations, using cadaveric material, intraoperative data, or
imaging such as ultrasonography and magnetic resonance
cholangiography [2, 5, 6].

Awareness of possible variations of the biliary system
is crucial in liver transplantations [7, 8]. Preoperative or
intraoperative identification of the atypical or anomalous
ducts and appropriate tailoring of the surgical technique are
important in order to avoid serious postoperative compli-
cations [9–11].

A good example of uncommon but yet important varia-
tions of the bile duct are the aberrant and the accessory
bile ducts. In the clinical context, familiarity with these two

different entities is important because an aberrant bile duct
is the only bile duct draining a particular hepatic segment,
whereas an accessory one is an additional bile duct draining
the same area of the liver. Therefore, when performing a left
hepatectomy in a living related transplant donor, it is of great
importance to recognize aberrant drainage of the right post-
erior duct or right anterior duct into the left hepatic duct,
as the ligation of these ducts will produce biliary cirrhosis of
segments VI and VII, or segments V and VIII, respectively
[12].

Anatomic variations of the biliary tract are often accom-
panied by variations in the portal venous system and the hep-
atic arterial system, which are also important in liver resec-
tions and transplants, and several authors have examined the
relationship between them [13–17]. More specifically, portal
venous anomalies have been demonstrated to significantly
correlate with anomalous biliary drainage [14, 16, 17],
especially in the right lobe [17], and this concordance is likely
to be related to the embryology of the biliary tree itself [18].
However, in another study, Macdonald et al., who investi-
gated the relationship between vascular and biliary anatomy
in a relatively small sample of living liver donors, concluded
that this association was not significant [15], while Lee et
al. found no significant association between hepatic arterial
variants and biliary variants [16]. Finally, most investigators
seem to support the hypothesis that certain vascular and
biliary variants are not associated with each other [14–16].

Anatomic factors, including the presence of anomalies
of the cystic duct and the hepatic ducts, constitute one
of the major causes of bile duct injuries after laparoscopic
cholecystectomy [3, 19]. Additionally, the need for altering
the surgical technique due to an anatomic variation is not
uncommon here either [20]. In patients with drainage of the
cystic duct into the left side of the common hepatic duct,
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it is generally preferable to leave a long cystic duct remnant
instead of dissecting the cystic duct up to the left side of the
common hepatic duct [19].

Our findings in the Greek cadavers are, in general, con-
sistent to those reported in similar studies, although with a
few dissimilarities (Table 1). The normal biliary anatomy has
been reported to be present in 52,9%–58% of the population
[12, 21, 22], slightly less frequently than in our sample series.
Our rates of ectopic drainage of the right anterior segmental
duct in the common hepatic duct are almost identical to the
already reported rates [22]. Although anomalous drainage of
the right posterior segmental duct into the left hepatic duct,
which is described as the most common atypical anatomy,
with rates from 13% to 19% [12, 21–23], seemed to be less
frequent in our cadavers’ sample. On the other hand, the
triple confluence presence rate in our study is comparable to
the 11% to 12% reported in other studies [12, 21, 22]. Direct
drainage of the right posterior duct into the common hepatic
duct, reportedly present in 4% to 5% of the population
[12, 22], was also encountered in similar rates in our study.
Finally, rates of rare variants of biliary branching such as
ectopic drainage of the right anterior duct into the left
hepatic duct or ectopic drainage of the right posterior duct
into the cystic duct were similar to those already reported by
other investigators [13, 21, 22].

5. Conclusion

In summary, atypical branching patterns of the right hepatic
duct were found in 34,25% of cases. The two most common
variations were the ectopic drainage of the right anterior duct
into the common hepatic duct (15,07%), and trifurcation of
the right anterior segmental duct, right posterior segmental
duct, and left hepatic duct (9,59%).

Both intra- and extrahepatic biliary anatomies are com-
plex with the existence of many common and uncommon
anatomic variations. The increasing complexity of hepatic
surgical procedures and biliary interventions, necessitate
widespread and appropriate knowledge of these anatomic
variations, in order to avoid possible complications and help
achieve the most effective result.

Conflict of Interests

The authors declare that they have no conflict of interests.

References

[1] T. L. Huang, Y. F. Cheng, C. L. Chen, T. Y. Chen, and T. Y. Lee,
“Variants of the bile ducts: clinical application in the poten-
tial donor of living-related hepatic transplantation,” Trans-
plantation Proceedings, vol. 28, no. 3, pp. 1669–1670, 1996.

[2] K. J. Mortelé and P. R. Ros, “Pictorial essay. Anatomic variants
of the biliary tree: MR cholangiographic findings and clinical
applications,” American Journal of Roentgenology, vol. 177, no.
2, pp. 389–394, 2001.

[3] S. M. Strasberg, “Avoidance of biliary injury during laparo-
scopic chelocystectomy,” Journal of Hepato-Biliary-Pancreatic
Surgery, vol. 9, no. 5, pp. 543–547, 2002.

[4] C. Couinaud, Etudes Anatomiques et Chirugicales, Masson &
Cie, Paris, 1957.

[5] R. Q. Zheng, G. H. Chen, E. J. Xu et al., “Evaluating biliary
anatomy and variations in living liver donors by a new
technique: three-dimensional contrast-enhanced ultrasonic
cholangiography,” Ultrasound in Medicine and Biology, vol. 36,
no. 8, pp. 1282–1287, 2010.

[6] C. Aube, J. J. Tuech, B. Delorme et al., “Contribution of mag-
netic resonance cholangiography to the anatomic study of bile
ducts,” Hepato-Gastroenterology, vol. 51, no. 60, pp. 1600–
1604, 2004.

[7] J. R. Nery, G. P. Fragulidis, T. Scagnelli et al., “Donor biliary
variations: an overlooked problem?” Clinical Transplantation,
vol. 11, no. 6, pp. 582–587, 1997.

[8] G. Varotti, G. E. Gondolesi, J. Goldman et al., “Anatomic
variations in right liver living donors,” Journal of the American
College of Surgeons, vol. 198, no. 4, pp. 577–582, 2004.

[9] K. K. Lee, S. K. Lee, I. S. Moon, D. G. Kim, and M. D. Lee,
“Surgical techniques according to anatomic variations in liv-
ing donor liver transplantation using the right lobe,” Trans-
plantation Proceedings, vol. 40, no. 8, pp. 2517–2520, 2008.

[10] M. Ohkubo, M. Nagino, J. Kamiya et al., “Surgical Anatomy
of the Bile Ducts at the Hepatic Hilum as Applied to Living
Donor Liver Transplantation,” Annals of Surgery, vol. 239, no.
1, pp. 82–86, 2004.

[11] A. Yoshida, K. Okuda, H. Sakai, H. Kinoshita, and S. Aoyagi,
“3D anatomical variations of hepatic vasculature and bile
duct for right lateral sector of liver with special reference to
transplantation,” Kurume Medical Journal, vol. 55, no. 3-4, pp.
43–53, 2008.

[12] S. G. Puente and G. C. Bannura, “Radiological anatomy of the
biliary tract: variations and congenital abnormalities,” World
Journal of Surgery, vol. 7, no. 2, pp. 271–276, 1983.

[13] Y. F. Cheng, T. L. Huang, C. L. Chen, Y. S. Chen, and T. Y.
Lee, “Variations of the intrahepatic bile ducts: application in
living related liver transplantation and splitting liver trans-
plantation,” Clinical Transplantation, vol. 11, no. 4, pp. 337–
340, 1997.

[14] J. S. Chen, B. M. Yeh, Z. J. Wang et al., “Concordance of
second-order portal venous and biliary tract anatomies on
MDCT angiography and MDCT cholangiography,” American
Journal of Roentgenology, vol. 184, no. 1, pp. 70–74, 2005.

[15] D. B. Macdonald, M. A. Haider, K. Khalili et al., “Relationship
between vascular and biliary anatomy in living liver donors,”
American Journal of Roentgenology, vol. 185, no. 1, pp. 247–
252, 2005.

[16] V. S. Lee, G. R. Morgan, J. C. Lin et al., “Liver transplant donor
candidates: associations between vascular and biliary anato-
mic variants,” Liver Transplantation, vol. 10, no. 8, pp. 1049–
1054, 2004.

[17] M. Kitami, K. Takase, G. Murakami et al., “Types and fre-
quencies of biliary tract variations associated with a major
portal venous anomaly: analysis with multi-detector row CT
cholangiography,” Radiology, vol. 238, no. 1, pp. 156–166,
2006.

[18] J. M. Crawford, “Development of the intrahepatic biliary tree,”
Seminars in Liver Disease, vol. 22, no. 3, pp. 213–226, 2002.

[19] H. Bismuth, R. Nakache, and T. Diamond, “Management
strategies in resection for hilar cholangiocarcinoma,” Annals
of Surgery, vol. 215, no. 1, pp. 31–38, 1992.

[20] K. A. H. Talpur, A. A. Laghari, S. A. Yousfani, A. M. Malik, A.
I. Memon, and S. A. Khan, “Anatomical variations and con-
genital anomalies of extra hepatic biliary system encountered
during laparoscopic cholecystectomy,” Journal of the Pakistan
Medical Association, vol. 60, no. 2, pp. 89–93, 2010.



Anatomy Research International 5

[21] V. Sharma, V. A. Saraswat, S. S. Baijal, and G. Choudhuri,
“Anatomic variations in intrahepatic bile ducts in a north
Indian population,” Journal of Gastroenterology and Hepatol-
ogy, vol. 23, no. 7, pp. e58–e62, 2008.

[22] L. Skandalakis, Surgical Anatomy and Technique, Springer,
New York, NY, USA, 3rd edition, 2009.

[23] G. S. Gazelle, M. J. Lee, and P. R. Mueller, “Cholangiographic
segmental anatomy of the liver,” Radiographics, vol. 14, no. 5,
pp. 1005–1013, 1994.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Anatomy 
Research International

Peptides
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 International Journal of

Volume 2014

Zoology

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Molecular Biology 
International 

Genomics
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Bioinformatics
Advances in

Marine Biology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Signal Transduction
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Evolutionary Biology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Biochemistry 
Research International

Archaea
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Genetics 
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Virolog y

Hindawi Publishing Corporation
http://www.hindawi.com

Nucleic Acids
Journal of

Volume 2014

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Enzyme 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Microbiology


