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ABSTRACT

Background: In the current era, the laparoscopic procedure such as laparoscopic cholecystectomy,
laparoscopic hepatobiliary surgery and other open procedures such as open cholecystectomy, 
biliary stricture surgery, are performed regularly throughout the world and extrahepatic biliary tract is
one of the most common sites of the surgical procedures. The incidence of biliary tract injury  by
laparoscopic cholecystectomy has been found to be higher than open cholecystectomy. Apart from
various other causes of biliary injuries aberrant anatomical course of extrahepatic biliary system is a
well established fact of iatrogenic ductal injury. Thus, an adequate recognition and awareness of
anatomical abnormalities of extra hepatic biliary tree with its vessel, can decrease the morbidity and
mortality related to the surgery.
Methods: Study was done in Department of Surgery, Gandhi Medical College and Hamidia
Hospital Bhopal, India on 100 cases, during period of Aug 2014 to Nov 2015, and 
dissection was carried out in department of Forensic Medicine and Toxicology after taking
permission from ethical committee.
Results: In 100 cases of study 72 were male and 28 were female in which 16% male and 10.7%
female showed variations in their anatomy. The most common variation which we observed in
our study was short cystic duct in 8 cases, and second most common variations was cystic
artery origin, from left hepatic artery in 3 cases and from proper hepatic artery in 1 case, other
variations were floating gall bladder in 1 case, intrahepatic union of  left hepatic duct and right
hepatic duct in 3 cases, low insertion of cystic duct in 3 cases, high insertion of cystic duct 
to common hepatic duct in 1 case,and in one case cystic artery passing anterior to common
hepatic duct. 
Conclusion: There was a significant variations seen in extrahepatic biliary apparatus and its 
related arterial supply in our study, and these variations observed could definintely be useful 
to hepatobiliary, laparoscopic surgeons and radiologist. And will further contribute to literature
available  on variations of extrahepatic biliary system.
Abbreviations: GB - Gallbladder, CHD - Common Hepatic Duct, CBD -  Common Bile Duct, 
CD - Cystic Duct, RHD - Right Hepatic Duct, LHD - Left Hepatic Duct  
Key words: extrahepatic biliary apparatus, cystic duct, laparoscopic cholecystectomy

INTRODUCTIONINTRODUCTION

In the current era, laparoscopic surgical procedures have become common
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therapeutic methods and are performed regularly
throughout the world. The laparoscopic procedures
such as laparoscopic cholecystectomy, laparoscopic 
biliary surgery such as CBD exploration for stone 
diseases,  laparoscopic liver resection and other open
procedures such as  open cholecystectomy, biliary 
stricture surgery, liver transplantation, whipple proce-
dure, biliary drainage procedure demand high technical
skills as well as thorough knowledge of biliary anatomy
and its variations. Therefore, to minimize complica-
tions, a sound knowledge of the normal anatomy of
extrahepatic biliary tract is thus essential in the 
prevention of operative injury to it. Equally important,
however, is an understanding of congenital variation of
biliary and vascular anatomy, as the literature abounds
with reports of specific anatomical variations, and their
operative implications.

Gallbladder surgery is one of the most commonly
performed biliary surgery and laparoscopic cholecys-
tectomy has become the new gold standard for 
management of gall stone disease (1). It has been 
rapidly adopted by the surgeons  over all the world. The
incidence of biliary tract injury by laparoscopic 
cholecystectomy has been found to be higher than
open cholecystectomy (2,3 ). Apart from various other
causes of biliary injuries aberrant anatomical course of
extrahepatic biliary system is a well established fact of
iatrogenic ductal injury. Thus, an adequate recognition
and awareness of anatomical abnormalities of extra
hepatic biliary tree with its vessel, can decrease the
morbidity and mortality related to the surgery. The
anatomy facing a surgeon during hepatobiliary surgery
involves complex relationships between the gallbladder
hepatic artery and extrahepatic biliary tree.

Extrahepatic biliary apparatus comprises of right
hepatic duct and left hepatic duct, common hepatic
duct, gallbladder, cystic duct and common bile duct. 

The commencement is at the formation of common
hepatic duct by the union of right and left hepatic ducts.
It terminates by uniting with the pancreatic duct at
ampulla of vater which opens in second part of 
duodenum. Review of literature in this regard, showed
several studies where in variation of extrahepatic biliary
apparatus were mentioned. 

Living related donor liver transplantation has
emerged as an alternative to cadaveric liver transplan-
tation because of shortage of available cadaveric liver
and drastic increase in demand for transplantation.
Pre-operative assessment of potential liver donor
requires hepatic vascular and biliary anatomy 
delineation. In adult right hepatic lobe transplantation

is usually the procedure of choice to provide adequate
liver volume to recipient (4).

Congenital anomalies of extrahepatic biliary tree
have long been recognised but are rare and may be of
clinical importance because they may provide surgeons
with unusual surprise during surgeries. These anomalies
include aberrant or accessory bile duct, aberrant cystic
duct, bile duct, anomalous bile duct along with vascular
anomalies. Recognition of these entities on anomalies
and normal variant may avoid diagnostic error, and in
surgical planning and prevent inadvertent ductal injuries
(5).

With advances in drugs and surgical technology very
complex surgical procedures are now being done 
with very less morbidity and mortality. The success and
safety of laparoscopic cholecystectomy, orthotopic liver
transplantation, and surgery on hepatobiliary system
depend on a high regard for an accurate knowledge of
the common embryologic anomalies of the biliary tree.
In view of this we took this research work to study the
abnormal anatomical variations in extrahepatic biliary
apparatus and its related vessels to further contribute
to the existence medical literature.

MATERIAL AND METHODSMATERIAL AND METHODS

This was an observational study done in the 
department of surgery on 100 cadavers and dissection
was carried out in the department of forensic medicine
and toxicology after taking permission from ethical
committee. 

This study followed cadaveric dissection by opening
the abdomen by midline and exploring, dissecting the
hepatobiliary area. First of all gallbladder was identified
and details were noted, then cystic duct was dissected
and its accompanying cystic artery was identified. 
Cystic duct was followed till its junction with common
hepatic duct and then common bile duct was dissected
and delineated. Length and angulations of cystic duct
was noted. Length of CBD and its variation if any was
noted. Then common hepatic duct was traced caudally
till its branching and length was noted. Cystic artery was
carefully followed till its origin and details were noted. At
the same time course of cystic artery in relation to
hepatic ducts was noted and search for any accessory
cystic artery was made, dissection was carried out till
delineation of proper hepatic artery, anatomical course
and it’s branching in relation to portahepatis after 
noting above details, any gross anatomical variations 
if present were noted and photographs were taken. 
(fig. 1-10)
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Figure 1 - Showing normal anatomy of extrahepatic biliary 
apparatus

Figure 2 - Showing high union of cystic duct with common hepatic
duct

Figure 3 - Showing relation of extrahepatic biliary tract 
to its related vessels

Figure 4 - Showing low insertion of cystic duct with common
hepatic duct
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Inclusion and Exclusion criteria 

Inclusion criteria 

• All cadaver of age group 13 years onwards. 

Exclusion criteria

• Decomposed bodies; 
• Those who have undergone Hepatobiliary surgery;
• Hepatobiliary  Malignancy. 

RESULTSRESULTS

In 100 cases of study 72 were male 28 were female
in which 16% male 10.7% female showed variations in
their anatomy. The following observations and results
were noted.

1. Formation of common hepatic duct by union of
right hepatic duct and left hepatic duct was extra-
hepatic in 97 cases and intrahepatic in 3 cases
(table 1, graphic 1).

Figure 5 - Measuring length of cystic duct, common hepatic duct
and common bile duct

Figure 6 - Showing cystic artery running posterior to common
hepatic duct

Figure 7 - Showing extrahepatic union of left hepatic duct 
with right hepatic duct

Figure 8 - Showing floating gall bladder
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Site of Anomaly Type of Anomaly No. of Percentage
patient

Gallbladder (n=1),1% 1. Floating gall bladder 1 1%
Cystic duct (n=11),15% 1. Short cystic duct (1.6 cm) 8 8%

2. Long cystic duct (>4.5 cm) 3 3%
3. Running parallel to common hepatic duct and low insertion 3 3%
4. High insertion of cystic duct 1 1%
5. Accessory cystic/hepatic duct 0 0%

Union of right and left hepatic duct (n=3),3% 1. Intra-hepatic 3 3%
Cystic Artery (n=5),5% 1. Originating from Left hepatic artery 3 3%

2. Originating from proper hepatic artery 1 1%
3. Cystic artery passing anterior to common hepatic duct 1 1%
5. Accessory cystic Artery 0 0%

Variations seen in 15 cases out of 100 cases.

ABNORMAL ANATOMICAL VARIATION IN EXTRAHEPATIC BILIARY APPARATUS AND ITS RELATED VESSEL

Figure 9 - Showing short cystic duct Figure10 - Showing intrahepatic union of left hepatic duct 
and right hepatic duct

2. Union of cystic duct with common hepatic duct
was of normal type i.e. angular type in 97 cases,
and in 3 cases union was parallel type (table 2,
graphic 2).

3. There was low insertion of cystic duct with 
common hepatic duct in 3 cases and in 1 case
there was high type of insertion i.e. near bifur-
cation of right and left hepatic duct (table 3,
graphic 3).

4. Short cystic duct was found in 8 cases (8%) i.e. <
1.6 cm and long cystic duct in 3% of cases.

5. Cystic artery originating from right hepatic artery

in 96 cases and in 3 cases, cystic artery originating
from left hepatic artery, and in 1 case cystic artery
originating from hepatic proper artery was found
(table 4, graphic 4).

6. In 99 cases cystic artery was posterior to common
hepatic duct, and in 1 case cystic artery was  
anterior to common hepatic duct (table 5, 
graphic 5).

7. Average length of cystic duct was 3.1 cm, and
common hepatic duct 2.67 cm and length of
common bile duct was 7.18 cm (table 7,8,9,
graphic 7, 8 ,9).
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Table 2 - Union of cystic duct with common hepatic duct

Union of cystic duct Number of cadavers Percentage
with common hepatic duct (out of 100)

Angular type 97 97 %
Parallel type 3 3 %
Spiral type 0 0 %

Union of cystic duct with common hepatic duct is angular type in 97% cases
and in 3% cases  is parallel type

Graphic 2

Table 3 - Insertion of cystic duct into common hepatic duct

Insertion of cystic duct into Number of cadavers Percentage
common hepatic duct (out of 100)

Normal insertion 96 96 %
High insertion 1 1 %
Low insertion 3 3 %

Insertion of cystic duct into common hepatic duct is normal in 96% cases, high
insertion in 1 case and low insertion in 3% cases

Graphic 3

Table 4 - Origin of cystic artery

Origin of Cystic artery Number of cadavers Percentage
(out of 100)

Right hepatic artery 96 96 %
Left hepatic artery 3 3%
Proper hepatic artery 1 1%

In 96% cases the origin of cystic artery is from Right hepatic artery, 3% cases
from left hepatic artery and in 1% cases from proper hepatic artery.

Graphic 4

Table 1 - Union of right hepatic duct with left hepatic duct 

Union of right hepatic Number of cadavers Percentage
duct with left hepatic duct (out of 100)

Extrahepatic 97 97%
Intrahepatic 3 3 %
In 100 cases of study there is 97% extrahepatic union of right and left hepatic
artery and 3% is intrahepatic union.

Graphic 1
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Table 5 - Relation of cystic artery with common hepatic duct

Relation of cystic artery Number of cadavers Percentage
with CHD (out of 100)

Anterior 1 1%
Posterior 99 99%

In 99% of cases cystic artery passes posterior to common hepatic duct and in 1
cases anterior to common hepatic duct

Graphic 5

Table 6 - Multiple anomalies

Number of anomalies Number of cadavers Percentage
(out of 100)

3 3 3%
2 3 3%
1 9 9%

Out of 100 cadavers 3% having 3 anomalies,3% having  2 anomalies and 9%
having single anomalies

Graphic 6

Table 7 - Length of common bile duct

Length of common bile duct Number of cadavers Percentage
(in cm) (out of 100)

4.5-5.5 11 11%
5.6-6.5 15 15%
6.6-7.5 54 54%
>7.6 cm 20 20%
In 54% cadavers length of common bile duct was observed to be in range of
6.6-7.5 cm, 11% were between 4.5-5.5 cm,15% between 5.5-6.5 and 20%
having >7.6 cm

Graphic 7

Table 8 - Length of cystic duct

Length of Cystic duct Number of cadavers Percentage
(in cm) (out of 100)

1.0-2 cm 11 11%
2.1-2.5 cm 21 21%
2.6-3 cm 25 25%
3-3.5 cm 31 31%
>3.5 cm 12 12%

In 31% of cadavers length of cystic duct was observed in range of 3-3.5 cm,
25% in between 2.6-3 cm,21% between 2.1-2.5 cm, 12% > 3.5 cm and 11%
in between 1.5-2 cm

Graphic 8
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8. In 99 cases gallbladder was normal and in 1 case
gallbladder was of floating type (not adhered to
liver surface).

9. There was incidental finding of gallbladder 
calculus in 9 cases.

DISCUSSIONDISCUSSION

It is imperative to have a proper knowledge 
regarding the anatomy and its associated anatomical
variations before any surgery especially in hepatobiliary
system which is known for various associated anomalies
and its anatomical variations. Despite so many studies
done on the normal anatomy and its variations of 
hepatobiliary system and being aware of variations,
human error can commit iatrogenic injuries to the
important structures during cholecystectomy and other
hepatobiliary surgeries, majority being biliary injuries.

In the past, various extensive studies have been done
on abnormal anatomical variations of extrahepatic 
biliary apparatus that has made evident various 
abnormal anatomical variations. We did our study on

100 cadavers to look for further anatomical variations
and to add more to the existing medical literature. The
most common extrahepatic biliary tract anatomical 
variation which we observed in our study was short 
cystic duct in 8 cases and the second most common 
variation was cystic artery origin, from left hepatic artery
in 3 cases and from proper hepatic artery in 1 case.

We discuss here in detail the various anatomical
variations which we came across in our present study
(table 10).

1. The right and left hepatic duct from 
the corresponding lobes of liver unite 
to form common hepatic duct either 
extrahepatically or intrahepatically.

Brewer (1900) from dissection of 50 specimens
found 100% extrahepatic union of right and left hepatic
duct.

Rugg (1908) studied 43 cadavers, in that he observed
extrahepatic union of right and left hepatic duct in 79%
and intrahepatic union of right and left hepatic duct in
21% (6).

Thompson dissected 50 specimen in 1933 and noted
90% extrahepatic union and 10% intrahepatic union of
right and left hepatic ducts (7).

In our  study on 100 cadavers’ extrahepatic union of
right and left hepatic union was noted in 97% and intra-
hepatic union in 3%. 

2. The junction of cystic duct with common
hepatic duct which is of surgical importance
is highly variable. 

Three types of union of cystic duct with common
hepatic duct namely: 

1. Angular type; 
2. Parallel type;  
3. Spiral type.

43 cadavers dissected by Rugg (1908) and he 
reported angular type 35% parallel type 20% and spiral
type 45% (6).

Eisendrath’s (1918) study on 100 specimens showed
angular type 75% parallel type-17% and spiral type-8%.

Thompson (1933) dissected 50 cases and observed
angular type-90% parallel type 6% and spiral type 4% 
(7).

In present study, angular types was seen in 97%, 
parallel type in 3% and spiral type of union was not
found.

In parallel type of union both the cystic duct and
common hepatic duct were closely bound together
hence their separation become difficult. In parallel type

Table 9 - Length of common hepatic duct

Length of Common Number of cadavers Percentage
hepatic duct (in cm) (out of 100)

1.5-2 cm 12 12%
2.1-2.5 cm 32 32%
2.6-3 cm 49 49%
>3 7 7%

Length of common hepatic duct was observed in 49% cadaver in between 
2.6-3% and 32% in between 2.1-2.5 cm, in 12% between 1.5-2 cm and 7% 
is >3 cm.

Graphic 9
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of union, the two ducts may closely adherent to each
other. So it is difficult to put a clamp without injuring
common hepatic duct.

3. The level of termination of cystic duct 
with hepatic duct can be: 1. High level; 
2. Low level;  3. Normal level.

In high level of union cystic duct unite with common
hepatic duct close to the bifurcation of right and left
hepatic ducts, in this level the common hepatic duct
length is very small than its average and common bile
duct length is more.

In low level of termination, the cystic duct unites
with common hepatic duct further away from the 
bifurcation to make common hepatic duct longer than
common bile duct.

In normal level of union common bile duct is longer
than common hepatic duct.

Hossein Mahour in (1961), from a study on 100
autopsies described about the height of termination of
cystic duct. In 80% normal level of union, in 18% of
cases low level of union and in 1.5% of cases high level
of union was noted (8).

In present study, normal level of union of cystic duct
with common hepatic duct was seen in 96% i.e. Normal
and low insertion was seen in 3%, and high type 
insertion was seen  in 1 case i.e. 1%.

The level of union high or low insertion of cystic duct
caries significance because of potential for injury in 
biliary surgery (9). Thus it is of utmost importance to
keep in mind the various aberration and course of 
cystic duct before ligation or clipping it in order to avoid
any inadvertent injury to the biliary tract.

4. Presence of accessory cystic or hepatic
duct

Schachner (1916) studied 76 specimen and in that
he noted double cystic duct in 2 cases, absence of 
common bile duct in 1 case (10).

Gray’s (1936) stated that accessory hepatic duct is
more common with right lobe of liver (11).

Edward H. Daseler (1947) worked on 500 cases and
visualized accessory right hepatic duct in 8 cases (1.6%)
(12).

In present study no accessory hepatic or cystic duct
was present.

5. Length of individual duct

Hollinshead (1954), stated the length of cystic duct as
2.5-7.5 cms, length of common hepatic duct as 2.5-7.5
cms, length of common bile duct as 5-15 cms (13).
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The  Gray’s Anatomy (2008), mentioned the average
length of cystic duct is 3-4 cms, length of common
hepatic duct is 3 cms and length of common bile duct is
7.5 cms (11).

In present study the average length of cystic duct
was 2-4 cms, average length of common hepatic duct
was 2-3 cms; average length of common bile duct was
6-8 cms.

There was short cystic duct in 8  out of 100 cases.
Short cystic duct is an important factor for misidentifi-
cation and reason for biliary injury. Careful dissection
and delineation of can avoid injury when short cystic
duct is encountered.

6. Origin of cystic artery

F.R. Flint (1922-3) worked on 200 subject and found
the origin of cystic artery from right hepatic artery in
98% from left  hepatic artery in 1,5% cases and from
gastroduodenal in 0.5%.

Hollinshead (1954) also described that cystic artery
arises from right hepatic artery. He also added it may
also arise from left hepatic artery and common hepatic
artery (13).

In Gray’s Anatomy (2008) it’s mentioned that cystic
artery arising from right hepatic artery. He also stated
that cystic artery may arise sometime from common
hepatic artery left hepatic artery and gastroduodenal
artery (11).

In present study the cystic artery was arising from
right hepatic artery in 96% cases and from left hepatic
artery in 3% cases and from hepatic proper artery in 1%
cases.

7. Accessory cystic artery

Flint (1922-23) studied 200 specimens and observed
accessory cystic artery in 31 cases in that in 51.6% (16)
of cases it arise from right hepatic artery, in 9.6% (3)
cases from common hepatic artery, 35.4% (11) from
gastroduodenal artery and 3.1% (1) from gastro-
duodenal artery (14).

Grays anatomy (2008) also mentioned that accessory
cystic artery arising from common hepatic artery.

In present study no accessory cystic artery found.

8. Cystic artery in relation to common 
hepatic duct

Eisendrath (1918) studied about 100 specimens. He
described in both the studies artery passing dorsal to
common hepatic duct is found to be high in number.
Ventral to CHD in 27% and dorsal to CHD in 73%.

Flint (1922-23) dissected 200 specimens and stated

cystic artery passing infront of common hepatic duct in
16% and passing behind common hepatic duct in 84%
cases (14).

Gray’s Anatomy (2008) also mentioned that cystic
artery can either pass anterior or posterior to common
hepatic duct (11).

In present study the cystic artery passing posterior to
common hepatic duct was seen in 99 % and anterior in
1% cases.

The degree of variation in the vascular pattern
encountered in this area is of vital importance. The
increasing number of operations performed for
obstructive jaundice and biliary fistula due to man
made injuries of the common bile duct and the hepatic
duct calls for the more detail knowledge of the blood
vessel in gastrohepatic region. Hence identification of
major structure in this area before clipping or ligation is
important to prevent any vascular injury.

The course of cystic artery is so variable and the
occurrence of the double cystic artery, aberrant cystic
artery is so common, hence careful ligation of artery is
essential. The more frequent damage is that ligation of
cystic duct and cystic artery in a single tie leading to
severe haemorrhage and necrosis.

In 1891, Calot described a triangular anatomic
region formed by the common hepatic duct medially,
the cystic duct laterally, and the cystic artery superiorly
(15). Calot's triangle is considered by most to comprise
the triangular area with an upper boundary formed by
the inferior margin of the right lobe of the liver, rather
than the cystic artery (9,16). A thorough appreciation of
the anatomy of Calot's triangle is essential during 
performance of a cholecystectomy because numerous
important structures pass through this area. In most
instances, the cystic artery arises as a branch of the
right hepatic artery within the hepatocystic triangle. A
replaced or aberrant right hepatic artery arising from
the superior mesenteric artery usually courses through
the medial aspect of the triangle, posterior to the cystic
duct. Aberrant or accessory hepatic ducts also may pass
through Calot's triangle before joining the cystic duct or
common hepatic duct (17).

There was incidental finding of gallstone in 9 cases 
in our study. In recent years the laparoscopic cholecys-
tectomy is most commonly performed procedure.
Although the advantage of laparoscopic cholecys-
tectomy are acknowledged, its limitation and unique
complication should be kept in mind, there is 
significantly higher incidence of bile duct injuries in
laparoscopic cholecystectomy (0.2-0.8%) compared to
open cholecystectomy (0.1-0.25%) (18,19).
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CONCLUSIONCONCLUSION

Thus there was a significant variations seen in extra
hepatic biliary tract, and its related arterial supply in our
study, and these variations observed could definitely be
useful to Hepatobiliary, laparoscopic, general surgeons,
and radiologists.

The various variations and anomalous course seen
in the present study of extrahepatic biliary apparatus
(system) further reinforce our knowledge as well as the
literature available on the topic suggesting that hepato-
biliary system has got the most variations from the 
normal anatomical course in the body. The most 
common anatomical variation seen in our study was
short cystic duct followed by the origin of cystic artery.

It further authenticates our knowledge regarding
the abnormal anatomical variations seen in extra-
hepatic biliary system and its related vascular structures
that necessitates proper delineation of anatomy in 
current era of laparoscopic surgery, complex and 
technically demanding hepatobiliary procedures to
avoid inadvertent injuries to major structures.

It can further prevent morbidity and mortality which
occurs due to intraoperative injuries arising from 
ignorance or improper knowledge of anatomy and its
related anatomical variations.
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